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PREFACE. 
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A. WYNTER BLYTH. 
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Engineer'Lieutenant. B.N.; Inetmotorin Api^ied Mechanics and Kutne Knglne 
DMira at the Boyal Navtd College, Oreenwioh. 

“ Serves its iiun>ose admirably . . . should prove of invaluable senlce . . . well 
Qp.t(HUte. IForld. 


iu Large 8vo. Cloth. Fully Illustrated. lOa. 6d. net. 

THE PROBLEM OP PLIGHT. 

f By HERBERT OHATLEY, B.So.(ENa.), Lokdok, 

Froiaisor of Oivll EnglneeriDg. Tong Shan Engineering College, M. China. 
OoaruTs.'-The Problem of Flight—The Helix.—'Eie ASropIane.—The Aviplane.— 
(Hriflble BallooDL—Form and Futini^ of the Airship.—Avraxmeu (271e Pwibiittf vf 
PUght, FMgU, A FisxiM Wing, lAeorye^AoIaoee, Al&/fogr(iqDA|f).—Ixnix. 

" 'An epitome of tiie knowledge available on the subioct.’'—Ssotssum. 
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OHAHLm aHlfNN c(i OO.’S PUBLiaATlONS. 


la Handsome Cloth. With 252 Illustrations. 15 s. net. 

THE THEORY OF THE STEAM TURBINE 

A Treatise on the PHnelples of Construction of the Steam Turbine, 
with Hlstorfoai Notes on its Development. 

By ALEXANDER JUDE. 

OiNThNiK—Fundamental.— Historical Notes <m Turlunes.—The Velodty of Steam. 
Types of Steam Turbines.-'Practical Turbines.—^The Ellicieney of Turbines, Type 1- 
T^ectury of the Steam.—KfHciency ofTiirbines, Types II.. HI. and IV.—Twbine Vanes. 
Disc and Vane Friction iii Turbines.—Specific Heat of Superheated Steam.—Streng 
of Kotatinj' Dihcs.—Govcniinc Steam Turbines.—Steam Consumption of Turbines.—T 
Whirling of Shafts.—Speed of Turbines.— Iniibx. 

" One of the latest text'books . . . also one of the best . . . there is absolut* 
no padding."—.S'/> William Whiie,m the Times Engiueering Sufi^cment. 


In Large Crown Bvu. Itandsome Cloth. With 131 Illnstratiom;. Sa. nc 

LECTURES ON THE MARINE STEAM TURBINE. 

By PRor. J. HARVAED BILES, M.Inst.N.A., 

PrufcBflur of Naval Aadiltectura hi the University of Glasgtiw. 

"riiis is llu‘ btat |M>|mlAr w<trk on the merino uteam turbine whicli has yet ai>)>eurfd.' 

8ttam»kip _ 

Works by BEYAN DONKIN, MJnstC.E., jH.lnst.lIeeb.£., Ac. 
Fourth Edition, Revised and Enlarged. With additional IlluKtration: 
iArge 8 vo, Handsome Cloth. 25 s. net. 

A TBXT-BOOK ON 

GAS, OIL, AND AIR ENGINES. 

By BRYAN DONKIN. M.Inst.C.K, M.Inst.Mech.E. 

**l*he best book now published on Oas, Oil, and Air Engines."— 


In Quarto, Handsome Cloth. With Numerous Plates. 25 s. 

THE HEAT EFFICIENCY OF STEAM BOILER 

(LAND, MARINB, AND LOCOMOTIVE). 

By BRYAN DONKIN, M.Inst.C.E. 

Gbnbkal Con rENTs.—Classification of Different Types of Boilers.—aajS Enwriiaents 
EaglUb and Foreira Boilers with their Heat Efficiencies shown in Fifty Tables.—Fi 
Grates of Various sVpes.—Mechanical Stokers.—Combustioa of Fuel in BoUeni.—Trai 
miMion of Heat through Boiler Plates, and their Temperature.—Feed Water Heate 
Superheaters, Feed Pumps, &c.—Smoke and its Prevention.—Instruments used in Testt 
Boilers.—Marine and Locomotive Boilers.—Fuel Testing Stations.—Discussion of the Tn 
and Conclusions.—On the Choice of a Boiler, and Testing of I.and, Marine, and locomoti 
Boilers.—Appendices.—Bibliography.— Index. 

“Probably we non sxuAuanvB ruumi that bat ever been collected. A 
Book by a ttaorougbly practical mma.'*— Mm and Coal Tradet Review. 


In Large Crovn 8ro. Cloth.' Folly Illiutrated. 5a. net. 

'SUCTION GAS PLANTS. 

Br PaoF. C. A. SMITH, o£ the East London Teobnioal College. 
CoitTRMTs.—lntroductiun.— Details of Construotidn.—Fuel and Testing.—Applioati 
and Usesttf Suction Plunte.—Working the Plant.—Typical Plants.—PI mU fox Spea 
Pupnaea—Total H.P.—Effluent.—Cost of Gai Prudnctlon.—T%e Qas Engine.—Bib! 

K phy.—Calorific Value of Goal Gas.—Of Solid Fuels.—Analysk-untruction 
' In the Producer.—Detection of CO in Exhaust —Capital Cost.—I ndex. 
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Fodkth Editiok, ReviBed. Pooket-Slre, Leather, 12a. 6d. 

BOIL&RS, MARINE AND LAND: 

THEIR CONSTRUCTION AND STRENGTH. 

A HaxueooK oi Rdij», FoKMULae, Tablxs, &o., sklatitb io Matikiau, 
SoAirauNeB, AND Pbksscbbb, SAraiT Valvis, SrBiMOB, 

‘ Fimsaa akd Modhtinss, Ac. 

FOE THE DSE OF ENfilNlERS, SURVEYORS, BOILER-UAKEKB. 
AND STEAM USERS. 

Bt T. W. TRAILL, M. Inst.O.E., F.E.RN 

Iarm EnginBer Sarveror-ln-Oblef to tbe Board of Trade. 

** OontaloB an EMoaMOiis Qoastitt od lEfORHaTlOR arrranged 1 q a Ter; coDvenieot form. .. 
A MoeTuummcMS . . . tniTiplTtag iofomatlon W be had nowhere elBe.”—The Entwer. 


Sixth Kdition, llevised. barge Crown 8vo. With numeioiie 
lUnstrationa. 6«. net. 


ENGINE-ROOM PRACTICE; 

A Handbook for Engineers and Officers in the Royal Navy and HercaniUe 
Maplne, including the Management of the Main and Auxiliary 
Engines on Board Ship. 

By JOHN G. LIVEESIDQE, R.N., A.M.I.C.E. 

Coafeaf«.->-OeDex«l Deacription of Marine Machinery.—Tbe CoDditloDs of Service aod 
Datlee of Engineers of tbe Eoyai Navy.—Entry and Oondltions of Service of Engineenof 
tbe Leading S.S. Cotnpaolee.—BaUlnK Steam—Onties of a Steaming Watch on Knglnek 
nand BotlerB.—Shotting off Steam —Harboor Datiei and Watcbee.—Adinstments and 
Hepairs of Engines.—ProBervatlon and Repairs of *'Tank'* BoUers.-^'l'be Hull md Its 
fittings.—<^ningand Painting Machinery.—Reciprocating Pnmps, Peed Beatere, and 
Antomatio Teed - water Regtuatora — Evaporators. — Steam Boats. — Electric Light 
Machinery.—UydraoUo Maohmery,—Air-CompressiM Pomps.—Refrigerating MachlxM 
-Uaoblneiy of Destroyers.—Tbe Management of water-Tobe Boilers.—Regolatione for 
Entry of Assistant En^tineers, B,N.—Questions given in Examinations for emotion of 
Engineers ILN.—Begolotions respecting Board or Trade Examinations for Engineori, Ao 
"This VKETDSKTUL BOOS. . . , iLLHSTMTlOire are Of OIBAT mrOBTAMCK («g woik 
of this kind, and it to satisfactory to find that spbcial ATTumoir has bren given in tilts 
feipeot.’'—Angiiwrrj’ Bauitt. __ _ 

Fittr Edition, Thoroughly Revised and Greatly Enlarge:!. 

With Numerous Xlluatrations. Price 10s. 6d. 


VALVES AND VALVE-GEARING s 

A Pravtical Tent-book forthe uaeof Engmeen, DrmighUmen, and Students. 

By CHARLES HUR8X, Pbaotioal Dratobtsman. 

PABT I.—steam Engine Valves. | PART III.—Air Compmsor Valve* and 

' Part O.—Gas Engine Valves and Gearing. 

Gears. j PART IV.—Pump Vitives. 

" Ka Homt’s va&tm and TaivaoiAXixo will prove a very valoable aid, snd tend to tbs 
produotloDofPnslnseofBoiumrio OBSiosand looBoiiiCALWoaxivo. . . . Will be larioiy 

BO^t after by Students end Deslgnsra”—Jforfus fiigiiisir. 

“As a practical treatise on tbe subject, the book stands withonl arival."—i/MAonleal 

roWtf. 


Hints on Stsam Engine Design nnd Conetniotion. By Chablkb 
Hosar, “Authoi of Valvn and VaIy. Gearing.” Sboomd Editiok, 
Revised. In Paper Boards, Svo., Cloth Back. lUoatrated. nPrioe 
1 a 6 d. net. 

OoxninB.—1. Steam Pipm.—U. Valves.—10. OyUmiors.—IV. Air PnmpH uid Coo- 
donien.-V. Motion Work.—VI. Onmk Shafts aM Pedestals.—VIl. Valve Gear.-VIll. 
Lnbrloatioo.—IX. Miscolianeons Details —Ivniz. 

** A handy voianr>e which every practical young engineer ehdoid tx>ssese.’*—PAs JfMlsf 
feptoMT 
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Third Boition, Beviaed. With snmetoiu Plates redooed iron 
Working Sravinga and lUnatrationa in the Text, 31 b. 

A MANUAL OF 

LOCOMOTIVE ENGINEERING: 

A Praetleal Text-Book for the 0se of Bn^e Builders, 
Designers and Draugrhtsmen, Ruiway 
Bngrlneers, and Students. 

By WILUAM FRANK PETTIGREW. M.Inst.O.E. 

— Historical IntrodaotiOD. 17<3*}B6S.~ Modem Loeomotlvei: Hlmple.— 
Jfodera LooomotlTes: Oompoimd. • Primary Consideration in Isooomotlve Deelgn <■ 
blloders, Htaam Obests, and StnlDng Boses,—l*lstonB, Plstim Uods, Orossfaeods, iutd 
Bude Bart.—OonneetlDg and Coupling Sods.—Wbeels and AzIm, Axle Boxes, Bomblock'a. 
and Beorlof Bprlnga—Balancing,—valve Oear.—Slide Values and Valve Qeor Detoila— 
rtomlng. Botfes and Axle Trucks, Bodial Axle Boxes,—Boilers.—Smokeboz. Blast Pipe 
nreboz Fltnngs,—Bolter Monntlnn.—Tenders.-HaUmy Bmkes.—Lnbiication.* Oon- 
inmption of Fuel. Evaporation and Engine Kffiolenoy.—Bepoini, Bunnlng, Inspection, 
and Moewolt.—Three Appendloee —Index. 

^^IBe work oonrAiNe au. that oax hi lbaxkt from a book upon snob a ssbieot. It 
will at onoe rank oe thi sTAHnAzn wokk dpok this ucfostaxt sobjrct."—B ai/way Jfaffasint. 


In Large 8vo. Fally Illustrated. 8a. 6d. net. 

LOCOMOTIVE COMPOUNDINC AND SUPERHEATING. 

By J. F. GAIRNS. 

COMTKNTS.-lutixMinctory.—Compounding and Snnerbeatiitg for Locoinoblves.—A 
CloMiflcRtion of (Jompound Systenia Locomotives.—The History and Hevwiopment cH 
.the Compound Locmnotive.—Two-Cvlioder Non-Automatio S^tems.—Two-Cylinder 
Automatic Syateros.—Other Two-Cylluder Systems.—Three-Cylinder B^tems.—Four- 
Cylliidor Tandem Systems.—Four-Cylinder Two-Ontnk Systems (other than Tandem).— 
Four-Cylinder Balanced Systems.—Four-^Under Divided and Balanced Systems.— 
Articulated Compound Engines.—I'rlple-Ei^nBion Locomotives.—<k>inpound Back 
Loeuniotives.—Concluding Eemorks Conoemfug Compound Locomotives.—The Use of 
Superheated Steam for Locomotive.— Index. 

“ A welcome addition to the library of the ndlway eiigiueer."— Tinu$. 


in Large 8vo. Sandwme Oloth. WUK Platu and lUmtratroM, l$$, 

EkiaHT RAIXhWJLYS 

AT HOME AND ABBOAD. 

By william HENRY OOLE, M.IhSt.O.E., 

* Xsite Deputy-Manager, North-Western BoUw^, India. 

** Will rmnatn, for some time yet a SrANSAitn Woaz in everything relating to 
RiUiraya.''—fHg^mssr. 

■*1110 whole fubt^ la xzHAcenvxLT and MuonoALLT considered. The work oob he 
eoftUaUy reoonmenoed as ixnisrsNBAaui to thoee wboee duty it la to heoome aoquolBttd 
with one of the prime neoeasltles of the immediate futu**'—fioilfiMqr OfieM <?afe/fa 


In Demy 8to. Handsome Cloth, Profusely Illustrated. 

CARBUREnORS, VAPORISERS, AND VALVEA 

By EDWARD BUTLER, M.I.Mech.X 
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In Crown 8vo. Eandaome Cloth. Fully Illustrated. 6 b. net. 

PMGTIGM GALGULATIONS FOR ENGQIEERS. 

Bt CHARLES E. LARARD, 

A.lLln8t.C.B.. H.I.Hech.K, Wh.Ezb., 

HeadoftheMocluuiicAl Ensineeiiug Departniunt at tbe Northampton Isatitote, Loudon. K.G. 

Asj) H. A. GOLDING, A.M.I.Meoh.E. 

CoNTKNN.—SKonoN 1.—Coutrautod Methods uf Calculation.—Technlcal MoiiBura* 
t4oii.—Practical Calculation by LogarithinB.-~Tho 81ido Kulc and Its AppUcationa.-* 
Squared Paper and ita Uaes. ^'TION II.—Pulleys aud Wheels In Train. —Speed fiatlos 
aud Prautic^ Examples.—Principle of Moments Applied to Practical Problems.—Worii 
and Power. —Eneray aud Speed Fluctuations.—TransmissloQ of Work tlirough Machines. 
-Friction and Emciency.—Trausmisslon of Power.—Shafting.—MoUon on a Circle.— 
Momentum, Acceleration, and Force Action. Srction HI.—Temperature Beales.—Unita 
of Beat.—Specific Heat.—Heat and Work.—Heat Value of Fnels.—Heat Losses in Engine 
and Boiler Plant.—Properties of Steam.—Moisture and Hryuess Fraction.—Steam and 
Ftiel CaloulatiouB.—Boiler Effioieucy.—Size of Boiler.—Engine Calculations.—'Power, 
Indicated and Brake.—Calculations for Dimeuslons.—Steam Consuroptlun aud Willans 
Iaw.— Efficiencies, Comparative Costs of Power Production.—Commercial Efficiency. 
Section IV.—The Commercial side of Engineering.—Calculation of Weighte.—Division 
of Costs, Material and Labour, Shop Charts and lutabUshnicut Charges.—Intimates.— 
]^oflt.—Use of Squared Paper in the ^tlmatiug Department and to the General 
Management. 

“Exactly what it should be In order to make it useful to stndonts uiul ]iraclltU«<>rt of 
engineerlnB. —jtfonchfsOr UHoriiian. 


Sixth Edition. Folio, stroogiy haif'bound, 21 s. 

TRAVERSE TABLES: 

• Computed to Foup Places of Decimals for every Minute of Angle 
up to too of Distance. 

* % For the Use of Surveyers and Engineers. 

By RICHARD LLOYD GURDEN, 

Authorised Surv^or for the Governments of Kew South Wales ano Victoria. 
PfibHsktd vtith iht Concurrenct ^ the Surv^fors-GetureU ter New South 
Wala Victoria. •* 

“ 'Those who have experience m exact SuivaV'WoaK will best know how to appreciate 
the enonaous amount of labour represented by this valuable book. Every Surveyor m 
aettve practice has fdt the want erf sucl a<s»taBce fbw knowing or tnuk (the 'Tables) 
ruBUCATiON WILL RRMAiN WITHOUT THMat"—Engineer. 


strongly Bound in Super Royal Svo. Cloth Boards. 7.. dd. net. 



Fop Caleulatlnr Wages on the Bonus or Preminm Systems. 

For Enginearing, Teohnioal and Allied Trades. 

By henry a. GOLDING, A.M.I.Meoh.E., 

“Oannot laO to prove praetically serviceable to those (or whom they have been 
desfgued.**—Sootsmen. 

HORSm-POWniR COMPUTERS. 

By H. A. GOLDING, A. M. I. Mbcb. E., A.M.I.A.E. 

Fof Steam, Gas, and Oil En&^nes. Complete with ExpHnatory 

PamphlA. In Box. Ss. net 

For Petrol Motors. Complete with Explanatory Pamphlet. In 

Envfdope. tkl. net 

Iktailed PtHiepeeitui on Applicatim. 
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In Three pARm Crown 8to, Handsome Cloth. Very Fully lUasirated, 

MOTOR-CAR MECHANISM AND MANAGEMENT. 

By W. POYNTER ADAMS, M.Inst.KK. 

PART i.-THE PETROL CAR. ss- net 

Sbcund Edition. With import.ani new ApiMndix, illustiatiiig and dctmiiiii patt> 
of actual cars in use. 

CpnrtntS,— Skction I.—Tiik Mechanism oe the Petkoi. (?ak. -'I'lic Engine.— 
The Engine Accessories.—Electrical Ignition and Accessories.—Multiple C'vKndcr Engines. 
—The Petrol—The Chassis and Driving (Jear.—S ection II. - The MANAt.KMEST oi-- ^ hk 
PeteodCar.—T he Engine.—The Engine Accessories.—Eleclriral Ignition. 'J'he (.'luissis 
and Driving Gear.—General Management.—A itendix.- Glossary.- -Isdkx. 

'* Should be carefully studied by those who have anything to do with iitcitorx."* Auto¬ 
mobile ami Carriage Bnilderi Journal. 

PART II.-ELECT^Al’aND~PE?ROL ELECTRICAL 
MOTOR CARS. 

P{). i.-x. + 'iOiJ. With SO Illustrations. Ss. not. 


lu Largo 8vo. Handsome Cloth. Very Fully Illustrated. 18s. net 

A MANUAL OF 

PETROL MOTORS AND MOTOR-CARS. 

Comprising the Designing, Construction, and Working of Petrol Motors. 
By F. STRICKLAND. 

Grnkual Contrhts.-PabI' 1.: ENaiNKS.—Ui8toiical.—Power KiHiinred.-GeiiurEl 
Arrfuigement (tf Engines.—Ignition. —Carburettors.—Cyllndeifi, Pistons, VaivM, dte.— 
Crank SiiAfts, Crank Chambers, Onnis, Bunners, Oiiides, «e.--Pun)iw. Flj^heels.— 
Pipe Arrlmgeinents.—Hlloncers.—Engbte Contivl, Balaiicitig.—Motor Cycle Engines.— 
Marine Motors.—Two-Cyde Motors.—Purafflii Carburettors.-Gas Prodneers PARf 
II.: Garb.—G eneral AiTangements -Clutches.- -Trau«ni8Biou.—DifferenUal Gears.- 
Vnlveml Joints.— Axles. — Springs. • - Badius Bods. — Brakes. — Wheels. — Prames. — 
Steering Gear. — Badiator. — Stems, MudgnnrrlB, Bonnets, Ac.—Lubrication. — Boll 
B«arlDg8.- Bodies.—Factors ut Safety.—Calculations of Stresses.-^pecinl Chggge Speed 
Gears.-—Special Cars.—Commercial V^ehiclea.—Badug Oars. -iNPSX. 

“TlmnHwhly practical and scientific. . . . We have plensiue in rectniiniemHuK It 1 o all.” 
—Mechamcia 


In Medium Hvo. Handsome Cloth. Fully lllustratetl. Ion. net. 

OIL MOTORS. 

Their Development, Co/tsfri/cf/on, and Management 
Br 6. L1ECKF£LI>. (Authorised English Kdition). 
CONTKNTS.—Liquid Fuels (or Power PitiduclioD. -^DeTeloinneiit of the Petrol and 
Purafiiu Motors.—Working of the Later Paraftn and Petio) Efiginos.- Ignition Devices. 
—Examples of Stationary Petrol, Alcohol, Paraffin, and Cmdo Oil Bi^ncs. Automubiles. 
—Ship, Boat, and Alr-^lp Engines.—vehicles, &c., Driven by Xntornal Corohustloa 
Engines.-Erection and Attendance of Ehtginea Driven with Liquid Fucl.—Correctlng 
Irregularities in Ktmuing. 


In Crown 8vo. Handsome Cloth. Witli 105 lUostrations. 58. net. 

MECHANICAL ENGINEERING 

FOR BROIRRERB. * 

By R. S. M'LAREN. 

CONfBitTS.—Materials.—Bolts and Nuto, Studs, Set Screws.—Botiers.- - Steam BaiMog 
Accessories.—Steam Hpes and Valves.—The Steam Bn^c.—Power Transmlwlon,— 
OoDdensiug Plant.—The Steam Turbine.—Electricity.—Hydraulic Machinery.—Gas and 
Oil En^nes.—Strength of Beams, and Useful lufwmatlon.—INIHX. 

** The host of Its kind we have seen, and sliould be in the hands of every apprentice." 

—iStoamfAtp. _ _____ 
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WOBE8 BT 

ANDREW JAMIESON, M.Inst.CE, M.LEJL, F;RaE., 

Formtrly Prcfsster of Electrical Enj^ineerwgx The Glas. and W. of Scot. Tech, Cell. 

PBOFSSBOB JAMIESON'S ADVANCED TEXT-BOOKS. 

In Large Crvwn %V9. Fully Illustrated, * 

STEAM AND STEAM-ENGINES, INCLUDING TURBINES 

AND BOILERS. For the Use of Engineers and for Students preparing 
for Examinationa With 800 pp., over 400 Illustrations, ii Plates, many 
B. of E., C. and G., Questions and Answers, and all Inst. C.E. Exams, 
on Theory of Heat En^nes. Sixteenth Edition, Revised. los. 6 d. 

'* The Bxst Book yet published for the use of Students 

APPUED MECHANICS & MECHANICAL ENGINEERING. 

Including All the Inst. C.E. Exams, in (l) Applied Mechanics; 
( 3 ) Strength and Elasticity of Materials; ( 3 a) Theory of Structures; 
(ii) Theory of Machines; Hydraulics. Also B. of E ; C.andG.Qu^ions. 

Vol. 1.—Comprising 508 pages, 300 Illustrations, and QuestiOTs: 
Part I., The Principle of Work and its Applications; Part II.: Friction, 
Lubrication of Bearings, &c.; Different kinds of Gearing and their Appli¬ 
cations to Workshop Tools, &c. Sixth Edition. 8s. 6 d. 

" Fully maintains the reputeuou of the Author.”— Efigi»eer. 

Vol. n.—Comprising Parts HI. to Vl, with over 800 pages, 371 Illus¬ 
trations ; Motion and Energy, Theory of Structures or Graphic Statics, 
Strength and Elasticity of Materials; Hydraulics and Hydraulic 
Machinery. Fifth Edition. 12 s. 6 d. 

“Wkll and lucidly WRiTTiN.*'—7*1*# Engittett. 

*,* Bach of the atave volumes it complete tn itself, and told separalefy. 


FBOFESSOB JAMIESON’S INTBODUCTOBY MANUALS 

Crewn Sw. tVitk lUustratUim and Examinatun Papers, 

STEAM AND THE STEAM-ENGINE (Elementary 

Manut oO- For First-Year Students, forming an Introduction to the 
Author’s larger Work. Twilftb Edition, Revised and Enlarged. 3 16 
*' Should be in the hand, of svekv engineering npprenrice.''>-f’nKNot/ SngCutr. 

MAGNETISM AND ELECTRICITT (Praetical Elementary 

Manual of). For First-Year Students. With Stud. Inst.C. E. and B. of B. 
• Exam. Questions. Seventh Edition, Revised and Enlarged. 3 / 6 , 

“ A THononGHLV TaosTwonTHv Tnct-bodfc. PaAcricAt. nnd de«."—JWrtwv. 

APPUED MECHANICS (Elementary Manual oH. 

For Fint-Year Students. With B. of £., C. and G.; and Stud. Inst. C.E. 
(^estions. Eighth Edition, Revised ^nd Greatly Enlarged. 3 / 6 . 
work hu vexy bioh qualittu, which may be omulenMd into the one word 
' CLSAli.* "-Science aetd Art. 


A POCKET-BOOK of ELECTRICAL RULES and TABLES 

For the Use of Electricians and Engineers. By John Monro, C.E., 
and Prof. JAUIESON. Pocket Site. Leather, ^ 6 d. NineIbenth 
Edition. _ [See p. 47 . 
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WORKS ^BY I, J. MACQnORR RANKIJE, LLi., F.R.S, 

ThoPOUghly Revlaed by W. J, MILLAR, C.B. 


A KANUAL of applied MECHANICS: Oompriung the 

PrinoipleB of Statioa and Cinematioa, and Theory of Stmoturei, 
Mecbaniem, and Maohinea. With Nnmeront Diagrama. Crown 8to, 
Cloth. Setsntkesth Ediiioh. 12a. 6d. 

A MANUAL OF CIVIL ENGINEERING: Compriamg Engin¬ 
eering Snrveya, Earthwork, Foundatfona, Maaonry, Carpentry, Metal 
Work, Roada, Bailwaya, Ganala, Rirera, Waterworka, UarlMura, tm. 
With Numeroua Xablea and Bluatrationa. Crown Svo, Cloth, 
Twenty-Thihd Bditiok. 18a. 


A MANUAL OF MACHINERY AND MILLWORK: Com- 

piiaing the Geometry, Motiona, Work, Strength, Conatmotlott, and 
Objeota of Maohinea, Sus. With nearly 300 Ulnatrationa. Crown 
Svo, Cloth. Sevkhth EnmoM. 12a. 6d. 

.A MANUAL OF THE STEAM-ENGINE AND OTHER 

• PRIME MOVERS. With a Section on Gas, Oil, and Ain 

• Eno^k9, by Bbtan Ooioun, M.lnatC.E. With Folding Flatea 

and Rumerona Bluatrationa. Crown Svo, Cloth. Sbvkntekiith 
Editioe. 12b. 6d. 

USEFUL RULES AMD TABLES: For Architects, Bmlders, 

Engineera, Fonndera, Meohanioa, Shipboildera, Surveyora, &o.^ With 
ArpEEDix for the nae of EleoibKml Ehoieeers. By Profeaaor 
JaHiEsoE, M.Inat.C.E., M.I.E.E. Setexth Edition. lOa. Sd. 


A MECHANICAL TEXT-BOOK: A Practical and Simple 

Introdnotion to the Study of Meohanioa. By Profeaaor Rankine 
and E. F. Baubsb, C.K With Knmerona Bluatrationa. Crown 
Svo, Cloth. Fiira Edition. 9a. 

*•* Tht ** tfsaHAMiOAL Tbzs>Boox '* wu Mffwd fry ProfftHor BAincm at m Umo- 
DTTOTiov M tfrc ifroM StHtt of MmtuUt. 


MISCELLANEOUS SCIENTIFIC PAPERS. Part I. Tempera¬ 
ture, Elaatioity, and Expanalon of Vaponra, Uqnida, and Solida. 
Fart IL ^ern and ita Iranaformationa. Fart' XU. Wave-Forma, 
PropnlaiOn of Veaaela, Ao, With Memoir I9 Profeaaor Tait, M.A, 
W|& fine Portrait on Steel, Platea, and Diagram!. Royal Svo, 
Cloth. 31 b. 6d. 0 

o No mAB enduring Uamorial of Frofeiior Ranldna oould bo dorlaadthan tho puUieo- 
llOB of mow popen b an ecceaeiUe fbnn. . . , The Collection ie nuet vabnble 00 
Bceountof tho onture of hie diecoTeriec, end the beeuty endcompletenew of hie enelylU;'' 


lONDON: GHASLES BRiFFIN « CO., LIMITED. EXETER STREET. STRAND- 
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TiiiKP Edition, Thoroughly Revised and Enlarged, With 6o Plates and 
Numerous Illustrations. Handsome Cloth, 34s. 

HYDRAULIC POWER 

AND 

HYDRAULIC MACHINERY. 

BT 

HENRY ROBINSON. M. Inst. C.E.. F.G.S., 

rBLtow or king’s colligb, /.omoon; rror. bmkritus or ctrib bnginbkring, 
king's coluegb, ktc., etc 

. Contents —I Hsdwwe tlirottchr Orifices.—Flow of Water through Kpf''. -AecnmuIator« 
—Presses and Ufts.—Hoists.—iUms.—Hydraulic Engines.—Pnmpuig Engines.—CapstaiiM. 
—'X’raversers.—Jacks. — Weighing Machine. — Riveters and shop Tools. — Jhinching. 
Shearing, and rlangini Marines.—Cranes.—Coal Discharging Machines.—Drills and 
Cutters.—Pile Drivers, Excavators, &c.—Hydraulic Machinery applied to Bridges^ Dock 
Oates, Wheels and Turbines.—Shields. — Vanons Systems luni Power Instaiiaiions — 
Meters, &c. -Inobx. 

“ l*he standard work on the application ot water power."—CitMrVr'r Sfatiasinf, 


'Steond EdUiont GrtaUy Enlarged. W\^ FrotUi^oieiXt several 
PUstat ftnd over 250 lUuslratione. 21 «. net. 

THE PRIHCIPLES AED COHSTRDGTIOE OF 

PUMPING MACHINERY 

(STEAM AND WATER PRESSURE). 

With Praotioal IllnstratioBa of Engines and Prrups applied to 51 iking, 
Town Watrb Sufpit, Dbainaob of Lands, &o., also Eoonomy 
and Eificienoy Tri^s of Pumping Machinery. 

Bt henry davey, 

Member of the Inetitutioi) of Ciyil Eoglneen, Member of the Inatltatlon of 
Maohanloal Snglneera, F.6.S., Ac. 

Contents —Early Hisioiy of Fumpiztf En|^es—Steam Pumping Enginee • 
Fainps and Pump Valves—General Princtplei of Non*Botative Piping 
Enginee—The Condsh Engine, Simple and Compound—Types of Mining 
Engines—Pit Work—Shaft Sinkiim—Hydraulic Transmissiou of Power in 
Mines—Electric Transmission of rower—Valve Gean of Pumpin g Engines 
— Water Pressure Pumping Engines — Water Works Engines—Pumping 
Engine Eoonomy and Tnals of Pumping Machinery—Gentmngal and other 
LQW-Iift Pumps—Hydraulic BaAs, iWping Mains, Ac.—I ndex. 

By the 'one Bogllih Boglneer who probably koowi more aboat Pomplag Maohloery 
thsn ANT orasB.* ... A votoMs bbooboimo thb BUCI.TB or LOBO azrisriBOS ano 

In Large Croum Hvo. Handsome Fully lUueti'ated. 

SEA WATER DISTILLATION. 

By KibANK NORMANDY, of the Middle Temple, Barrister-at-Law. 
^Co»TKNT«.-lM*tilHiig .Uacliiiieiy.—.Sea Water.—Steam.-.Maltiple ZMstiUafibii.—The 
^poratur.- The DUtflliiig Coitdrnsfr.-Pniuplug Mtchinery.—Useful Memoranda:— 
The FUter, Prevention of 0om«loii and Dctay of Metals, Aomovai of Scale, Cleaning, 
OveriiauUng, &u.- Imuxx. 


lj)ND0li. CHARLES BRIFFIh A CO., LIMITED, EXETER S'^REET STRAND 
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In L&rge 8to. Hnndsoma Cloth. Profusely Illuitrated. In Two 
VoLOMiM, Each Complete in itself, anil Sold SxFABaTKLY. 

THE DESIGN 

AND 

CONSTRUCTION OF SHIPS. 

By JOHN HARVARD BILES. M.Inst.N.A., 

PraresBor of Kaval .\rch!tectare In Olatigow Uotversity. 

Volume I.-CALCOUTIONS AND STRENGTH. VVith :«> Eoldiog 
Plates, and 245 other Illustrations. Complete in itself, with 
Index. *ios. net. 

CoNTBMTS.-'P aut L—Ai'uas, Voiiunes, and Centres of Gravity. Part 
C alcalatiuuH. Part III.—StrunRth of Ships. 

" Notuouherof iiavni ardiiteutnro nor Mcieutiflval1y>«juipped stinltiiit van uiloiti to 
Iw without this volinuc . . . will doniitless remain the standard for iimtiy yuai'H"- 
TimfE. 

Volume 1I*« dealing with Stability, Waves, Oscillations, llesistance and 
Propulsion, Design and Construction, is in active ])roparatioD, and 
will be ready very shortly. 


BY PROFESSOR BILSa 

‘LECTURES ON THE MARINE STEAM TURBINL 

* With 131 Uluetmtiona. Price 6e, net. 

See page 28. 


Cove/ euo, HanCemt dote. With numtnug tlluhtmtiona and Tabla. 26a. a 

THE STABILITY OP SHIPS. 

BY 

Slit EDWARD J. REED. K.CB.. F.RS.. M.P., 

KKioirr or tkb mraxiAL oksebs or nr. stamilads or arasu; ntAMas josbtm or 

AOSTXU: MKDJIDIB OF Tt/KKBV: AND USING SDN OT JATAN; VICO* 

raasmanr or thb institution or naval AacHtmTs. 

** Sit XnwAso Rksd's * Stability or Sicm' is tMTALVABUL Tbs Natal Abchitbct 
via find farotxKht together and ready to his hand, a mass ^ informatton whidi he would other- 
wiso hate to setdi in an almost enolew variety publicatxMis, and socoe of which he would 
peesihly not be able to obtain at all elsewhere.'*— 


In Crown 8to. Handsome Cloth. Fnlly Xllnstnted. 

HYDROGRAPHIC SURVEYING. 

For the Use of Beglnaers, Amateurs, and Port and 
Harbour Masters. * 


By commander 8. MBS8UM, R.N., 

'' Instructor tn Kautloal Surveying, S.N. Oolt^o, Greenwich. 

GORTEM'TB.—Sextant.—Protractor. 'Station Pointer.—Theodolite.—Frojectiuoa- 
SyinbolH and AbbrevtaUons.—Plotting and I'rlangnlation of a Small Flan.—Mast-head 
Angle Survey.—Meridiiui Distances.—A?P1NDIX.—INDHX;. 


UlNDONr CHARLES 6RIFRN 4 CO.. UHITED. EXETER STREET, STRAND 




caAHLBs agifftir * oo:b puhlicatioss. 


WOBKS BT THOMAS WALTON, 

NAVAL AEOHITEOT. 

Four'i'K Edition, lllusiiated with Flates, Numerous Uiagiams, u 
Figures in the Text. i8s. net. 

STEEL SHIPSs 

THEIE OONSTEXTCTION AND MAINTBNANO: 
A Manual for Shipbuilders, Ship Superintendents, Students, 
and Marine Engineers. 

By THOMAS WALTON, Naval Architect, 

AUTHOR OF “know YOUR OWN RHJF.** 

CoNTlNTS.— I. Manufactare of Cast Iron. Wrought Iron, and StesL—C 


of Ships. IV. Strains experienced by Ships.—Metho<^ of Computix^ 
Comparing Strengths of Ships. V. Construction of Ships.—AltematiYe M 
of Construction.—Types of Vessels.—Turret, Self Trimming, and Ti 
Steamers. &o.—Rivets and Rivetting, Workmanship. VI, Pumping .^ra 
ments, VII. Maintenance.—Prevention of Deterioration in the Hull 
Ships.—Cement, Faint, &C.—INPBX. ^ . 

' ^tborOQgb and well written Is every chapter lu the book that it u aiificttlt to soleoi 
any of them as being worthy of exceptional pm so. Altogether, the work is excellent, and 
will prove of great value to those for whom it is Inieuded."— Kngituir. 

In Handsome Cloth. Very fully Illustrated. 7s. fid. net. 

PRESENT-DAY SHIPBUlLUlNCr 

For Shipyard Students, Ships’ Officers, and Engineers, 

By TH08. WALTON. 

yBNEKALOoNlBNT8.—ClMBifioa(ion.—Materials used in Shipbuilding.— 
Alternative Modes of Constmotion.—Details of Construction.—Frammg, 
Elating, Ilivettiug, Stem Frames, Twin-Sorew Arrangements, Water 
Ballast Arrangemonta, Loading and Diaoharging Gear, &c.—Types of 


Turret and other Self Trimming Steamers, 4o.—I ndex. 

“Simple isnguage . . . clear and easily followed illuatratioua” —Thns. 

Enelfissntur Supplement. . 

“ We lieartlly recymraenil it to all who have to do with ships. —Steamthip. 


Nikts Bditiom* iUwtrcUed. Handsome 0othfCrovm8vo. 7B,6ds 

The CHapters on Tonnage and Freeboard have bwn b^ght thoroughly 
up to dat£ and embody tne latest (1806) Boa^ of Trade Rogmations on 
these su^eets. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Naval .Aeohitbct.;. 
Speeially arranged to suit the requirements of Ships' Officers, Shipowners, 
s. Superintendents, Draughtsmen, Engineers, and Others, 

CONTBKTS. — Displacement and Deadweight. — Momenta. — Buoyancy. — ^^in. — 
Structure.—Stability.-Rolling.- Ballasting.-Loadlng.-^ifttm Oaigoes.-^(!t at 
Admission of Water Into Ship.—Trim Tonnage.—Freeboard (Load-Uae).—Calculations.- 
Bst at Caloutstloiu Irom Aotual Drawings.-I ndex. 

“ The work Is of the hh!he»t value, .nil .11 who «o down to the lea In ships should make them- 
selves aoiiaaiuted with lt?'-sklppliw IForU (on the now edtttonl. _ 
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GRIFFIN’S NAUTICAL SERIES. 

Bditsd bt EDW. BEACKMORE, 

Uutw U»tnw, nnt Clui Trinity Houh CertlBcatn, Auoo. Init. N.A; 
abb Wntmii, KAimT, by Sailobg lor Saiiobb. 


“THB ADKIBABni SEBIBS.''—roiryloy. "A VIET USEFUL SEBIZS.''—AobH.. 
“Etibt thonld have the whole Bekies u a Befeeeboe Libeabt. Haed- 
BOIULT BOUHD, QIilARLY PRXHTUB Knd ILLUBIllA!IRD.”->L<tMPpOO( JOWHI. ComtMTM. 


The British Heroantile Hai^ine: An Hietonoat Sketch of iti Ruo 

and Devel^ment. By the Editor, Caps. Kjiouiork. 8b. 6d. 

" Captain Blaokmore ■ splundid book . , . ooiitaini paragraplu oo every point 
oflntereattotheXerchant Marine. The US paffes of this book are THX most tadc* 
ABIil to the sea captain that have ktsb been oaupiLXD.*'—Jferotont iServioe iteoiete. 


Elementary Seamanship. By D. WiiBON-BABKsa, Maater Manner, 

F.S.G.8. With numerouB Plates, two In Colonrs, and Fruntlspiaoe. 
SIXTH Edition, Thoivtaghiy Eerlsed. With addltltnial lUoatrattons, &c. 6s. 

“This ADKntABLB MANUAL, by Capt. WllBON Babkxb, ot the 'Worcester,' seems 
to ■■ piRnoTLT Dii8iaNHD.’WlAenaK(m. 

Know Your Own Ship: a Simple Explanation of the Stabilityi Con- 
itraotion, Tonnage, and Inboard of i&ips. By TBOS. Walton, Naval Andiltect 
Ninth Edition. 7b. 6d. 

“Mr. Walton’s book will be fonnd vbbi us*PDL.'’—Th« Engineer. 

Naviffation: Theoretical and Practical. By D. Wii^n-Babkik 

uaWlLLUK ALUNOBAM. SBOOND EDITION, Kevlsed. Bb. Od. 

, “Pbboisxly the kind of work required for the New Certifloates ot oompetency. 
Oandldatei wUI find It iNVALUABLS.*’-i>ttndw AdveHieer. 

t ^ ^ - 

Marine Meteorology: For Officers of the Merchant Navy. By 
WaLUM Aluscbax, Arst Class Honours, NavigatioD, Sotence and Art Deputment 
With UlttitratioDs and Maps, and fttetimUe reproduction of log page. 7i. 6d. 
“Oolte the best pdblioatior oo this tubjeot."—Shipping Gazette. 


Latitude and Longitude: How to find them. By w. J. Millak,. 

C.E. Sboond Editiom, Bevlsed. Ss. 

“Cannot but prove an acquisition to those studying Navlgation.’*-<-Jfarina Engineer 


Praetical Mechanics: Applied to the requiremenU of the Sailor. 
^ Tbos. Maoknkzih, Master Mariner, r.B.A.8. Third Edition, Eevtied. 8a. 6d. 
“ Will worth the money . . . ixaiRDiNOLt HiLpruL."—Shipping Wori^ 


Igonometiy: For the Young Sailor, Ac. By Rich. C. Book, of tho 
Inunes Nanti^ Training College, S.M.8. “ Worcester." Third Edition, SevUed. 
Price 8i. 6d. 

“ This SHTNINTLY PRAoiiOAL aod reliable volume, 


Practleal Algebra. By High. 0. Bdoe. Companion Volume to the 

above, for Baiion and others. Ssoond l^rnON, Bevised. Price 8s. 6d. 

“It Is JUST TEN BOOK tof the young saUiM mindful of progress."—Jftvasios. 


The Legal Duties of Shipmasters. % Bsmkdxot Wx. Ginsbetbo, 

■ M.A., XLD., of the Inner Temi^e and Nortbem Circuit: Banister^tt-Law. 8ioom> 
Edition, Thoroughly Eevlsed and Enlarged. Price 4a. 6d. 

“IWALDABLitomsaters. . . . We can fully recommend it 


A N^cal and Surreal Help for Shlpmastera. Inolndiag Ilni 

j^Et aw. ByWii. SlDtH, *3.0.8., friEotpri IbdioEl 0a(«rSwm.E'» 

Bbiplt.1, Gnmwlch. Thibs EsmOE, Thoroiuhly Bninl. ei. 

"low>, jopioiomii EULi.T HELrm."—T». £«««. 
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cHARiM QRimir A oo.'s paBLioAnom. 


GBIFFIN’S NAUTICAL SERIES. 


Introductory Volume. Price St. 6d. 

a?SLE 

British Mercantile Marine. 

By EDWARD BLACKMORE, 

MASTER MARINBR} ASSOCIATB OF THB tNSTlTtmON OP NAVAL ARCHITBCTSl 
MBKBBR OP THB INSTITOTION OP BNGINBBRS AND SHIPUUILDBRS 
IN SCOTLAND t BDITOR OP GRIPPIN'S “MAtmCAL S8RJBS.’' 

General Contents.—Histobioal: 'From Faily Times to 1486—Fn^reis 
onder Henry VIII.—To Death of Mary—Dupine Elisabeth’s Reign—Up to 
the Reign of William III.—The l8th and 19th Centuries—Institation (rf 
Examinations — Rise and Progress of Steam Propohdon — Development of 
Free Trade—Shipping Legi^tion, 1862 to 1875—“ Locksley Eidl” Case- 
Shipmasters’ Sodenes—Loadi^ of Ships—Shipping Legislation, 1884 to 1894— 
Statistias of Shipping; The Fsbsonnel : Shipowners—Officers—Miuinera— 
Duties and Present Position. EnuoAnON: A Seaman’s Ednoation: what it 
shonld be— Present Means of Ednoation—Hints. Disoiplini and Duty— 
Postscript—The Serious Decrease In the Xnmber of Britifh Seamen, a Matter 
demanding the Attention of the Nation. 

IirraBBrms and Imxanonvs . , . may be read wm PBOin aad ssjoimy."' 
•tflsiyoM Btn^d, 

" Bvkrt bbaxor <rf the snbjeet Is dealt with in a way which shows that tits wiHir 
‘knows the ropes* funliiar)y.''->^tfmaB. 

‘‘Tliis APNiRABLB book . . . TSBXB With nsefol Information-dhoald be in tte 
naods of every Bailor.**—ITcftem iTontiiitf Aetei. 


Sixth Edition, Thoroughly Revised. WUk Additional 
lUustraiione omd a non Chapter on Gloude. 

JL OW 

ELEMENTARY SEAMANSHIP. 

■r 

D. WILSON-BARKER, Master Mariner; F.R.S.E., F.B.G.S.,fta,&0. 

TOUNQEB BROTHER OF THE TRIKITT HOUSE. 

With Frontis^eoe, Numerous Plates (Two in Colours), and XUnstealiooa 
in the Text. 

GKNERjkL Contents.— The Building of a Ship; Parts of HnlL Masts. 
Ad -Ropes, Knota Splicing, Ac. — Gear, Lead and Log, Ao. — 
Anohori—Sailmakuig—The S«ls, &o.—Handling of B^ts under wii — 
Signals and Signalling—Buie of the Road—Keeping and Believing Wat4'h— 
Pouite of Etiquette—OlossMT of Sea Terms and Phrase s. Index. 

*** The volnme oontaine tiie saw sum or tkb road. 

'*‘1 uti AMOXAvui MARUAL by Oaft. WilsoR'Barxrr of the ' Woroester,' s esBi s to vs 
rMiRCTLY DunuTRD. sfid holdi its 1^00 txoellaitly la ’ Oums’s NAunoAi. tema* . . . 
Although inlB&ded for those who are to become uSoen of the Herohant Navy, it will be 
leand uefd ^ AU taohxskrp.**—AM fiMmm. 

%* For oomplete LMof ORarar's NAtmoAL Brixrs, see p. 38. 
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GRIFFIN’S NAUTICAL SEMES. 

Second Edition, Sevieed and lllustraitd. Prioe St. 8d. 

NAVIGATION: 

PSUtLCTICAX. AND 'CHXSOREXICAXi. 

Bt DAVID WILSON-BARKER, R.N.R., F.R.S.a, 4 o., *c.. 

AMD 

WILLIAM ALLINGHAM, 

FIBST-OLABS HONOURS, NATJOATIOS, BOEBNOS AND ART DIPARTKUT. 

With Kumerous 5Uu0tration0 att6 Siamlnatton (ftuesttonB. 

Q-inseal Oontbnts.—‘D efinitioiiB—Latitade and Longitade^-Initramento 
Navigation—Coirection of Coarses—Plane Sulinj^Travene Sailing—Batr'i 
Work —Panliel Sailing—^Uddle Latitude Sam^ — Mercator’i Chart 
Meroat(» Sidling—Cnirent Sailinj^Poei^n by Beuiiu^Great (^rcle Si^iDg> 
' The Tides—Qnestione—Appendix*. Compass Srror—Nnmeroiu XTsefal Hints 
Ac.—Index. 

** PaioisxLT the kind of work required for the New OertlfiCAtei of oompetene; bt pades 
trcna Seoond Hate to extta Muter. . . . Candidate# will find it mvAWABLi.''—josedw 
AdMri<«er. 

“ A oanTAD unuK rook , . . ipedally adapted to the New Bzamlnatlons. The 
Anthor* are Oapt. Wxlsom-Baekxb (CaptalQ-Soperintendent of the NantiiMl College. H.M & 

* Worooiter,' who ba# bad great ezperienoe in the highest problem# of Navigation), »ed 
Mb. AiAUSBAif, B well-known writer on the Sdenoe of Navigation and Nantioa) Aetronom) " 
—SKppi^ World. 


Handsome CM. Fully Illuetraied. Price 7i. Sd. 

MARINE METEOROLOGY, 

FOB OPFICEES OF THE MEBCHANT NAVT. 

By william ALLINGHAM, 

Joint Anthor of “Navigation, Theoretical and FncMoal." 

With numerons Flauei, Maps, Diagrams, and Illxutrations, andafaoaimila 
Reproduction of a Page from an aotna! Meteorological Log-Book, 

BUM2£ABT 07 OONTUNTS. 

INTRODUOTOBT.—Instruments Used at Sea for Meteorologloal Fnrpps^—Uetetmt* 
iogtoal Log-Books.—Atmoipherlo Preuure.—Air Temperatnres.—Sea Xenperatures.- 
Winds.—wind Force Scales.—HUtor; the I«w of Storms.—Hnrrtoanei, Season#, and 
Jtorm Tracks.—Solution of the Cyclone Problem.—Ocean Currents.—XoeberBB.->^ii 
dhrcmou Charts.—Dew, Miiti, Fogs, and Haie.—Oionds.—Bain, Snow, and HalL- 
Wrage, Bainbovra, Coronas, Halos, ana Meteors.—Lightning, Corposants, Md Anmrst.- 
Qui8Tioxs.^AmNDUL—Unix. 

“ Quite -be iw publlestton, and certainlr the host iRTsaavise, on thla autdeci ever 
imMented to Nautloai men."—NAQipfao OamOt. 

\* For Complete liet oi OBmrur'B Hbdidul Snuia, mo p, S8, 
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OHARLBS GKIFFlUr d* OO.'S PUBLICATIONS. 


flMTFIirS NATTTICAL SEBIES. 

Thiss Eduioh, Rsvised. With Numerons Illiwtrationa, Price Sa. 6d. 

PRACTICAL MECHANICS s 

Applied to the Eequirements of the Sailor. 
By THOS. MACKENZIE, Mailer Mariner, F<.S.A.S. 

OiaiBAL CoiraaOTB.—Reaoltttion and Comi^tion of Forcea-^orkdone 
by and Living Agents—The Mechanical Powers; The I»ever; 

Docrioks aa Bent Levers—The Wheel and Axle: Windlass; Ship’s Capatan; 
Oiib Winch—Tacklesj the “Old Man"—The Inclined Plane; the Screw— 
The Centre of Gravid of a Ship and Cargo — Belative Strenrth of Rope; 
Steel Wire, Hei^, Coir—Derricks and Shears—Calculation of the 

Ow»-breiiing^km of Fir Spar—Centre of Effort of Sails—Hydrostetioe s 
the THyi« c »hefl; Stability of Floating Bodies; the Ship’s Pump, Ac. 

** WXLL WOBTH the money > a • will be found IXGKEDtKQX<T HBLTJfDLa — 

Ships’ OmosBS’ booeoass will henceforth be complete without 
OawiLm Maokiniu’b ‘ Peaotioal Mbchabiob.’ Notwithstimding my m«y 
years’ experience at sea, it has told me how much more tlwre U to acquire. — 

• (Letter to the l^blishera from a Master Mariner). 

WORKS BY RICHARD C. BUCK, 

of the ThantM Naattoal TrainiaK College, !LM.a ‘ Woroeatcr.’ 

A MANUAL OF TRIGONOMETRY: 

With Diagrams, Examples, and Exeroises. Pries 3s. 6d- 

Third Edition, Kevi««d and Corrected. .' 

V Mr. Book’a Text-Book has been speoiallt pripabed with a view 
to the Examinationi of the Board of Trade, in which Trigonometr, 
U as obligatory eubjeot. . 

wiTila juatnraLT rsAoncAL and kbuablie vo&uicb. —Sehoolmatter, 

A MANUAL OF ALGEBRA. 

Detlgned to meet the Requiremetite of Sailore and othert, 

' Second Edition, Revised. Price Ss. 6d. , 

*.*Tttwe elemaatarv works on alobbu and tuoosokstxv are written awii^r lot 
itioee 1^0 will have little opportunity of ootuolting a Teacher. They we boob for sst.r 
MLT " All bat (he dmptoet explanatiost baveTtherefore, been avoided, and asiwxu if 


•tfrlosaUe. TheuamplNand 
the Oadett of the “Worcester." 

“OlearlV arranfed, and well got op. 
UntWat Magatinc. _ 


A llTrt-rato Elementary Algebrs."- 


Second Edition, Revised. With Diagrams, "trice 2s. 

UTITDDE MID UmUDE; Hoito Mtbm. 

By W. J. MILLAR, O.E., 

^ iaU StenUwy to the but, of gnpfiiMri and SMpMldm fe Beotlawd. 

** OONOI8ILT snd oitlASLT t v anT E N . a osanot but prove $a aoquiritlon 
to thoM studying Navigarioin.’’—AToriAe Bngineer, .... 

** Yoong ^^en wffl find it eandt and DsirDL, bxnpli and ozous.”—nr 

/fsjiww r, eomplete lAit of Oaoroi's Naohoal Ssann. see p. I>. 
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GBUTIK’S NATinCAl SERIM. 


Second BditAin, Revised end Extesdeid In Crown 8vo. Price 4s. 6d, 


THE LEGAL MIES OF SHIPMASTERS, 

Br BENEDICT WM. GINSBUEG, M.A., LL.D. ( 0 *KTiB.V 

Of the loner Temple end Kortiieni Cirooit; BaT]^te^at•Law. 

General Contents.—The Qualifloation for the Position of Bhlpmuter—The Cod* 
tract with the Shipowner—The Master's Dot; In respect of the Grew; Bni^meBt; 
Apj^tloes; Dtadpltiie; ProTisions, Accommodation, and MedlDal Comforts; Payment 
of wigee and Discharge—The Master's Duty in respect of the Passengen—The Master’s 
Financial BesponsibllTtles—The Master’s Duty in respect of the Cergo—The Master's 
Dnty In Case of Casnatty—The Master's Daty to certain Pnbllo Authorities—The 
MuteFi Duty in relation to Pilots, BUnials, Flags, and Light Dues—The Maiter'i Duty 
apoD Arrival at the Port of Discbuge—Appendices relative to certain Legal Matteri: 
Board of Trade Certiftcates, Dietory Beales, Stowage irf drain Cargoes, Load Line Begula* 
tloDs, LUe>saviDg Appliances, C'aniBge of Cattle at Sea, Ac., Ac.—Colons Index. 

** No intelligent Master shonld M to add this to bis list of necessary books. A few • tie 
of it may bavr a lawyks’s fse, bwidrs ainiLRas wobsy.**— i^fwr7>ool Jonrwil of Comtnen t 


FIRST AID AT SEA, 

Third Edition, Kevised. With Coloured Plates and Numerooa lUuttra- 
tiosB, and comprising the latest Regulations Respecting the Carriage 
of Medicfd Stores on Board Ship, rrice ds. 

rA MEDICAL AND SURGICAL HELP 

* FdR SHIPMASTERS AND OFFICERS 

IN THE MERCHANT NAVY. 

By WM. JOHNSON SMITH, F.RO.S, 

Frinolpal Medical Officer, Seamen's IbMpiUl, Qreenwloh. 

V The attention of idt Interested in our Meroliant Navy Is reqnestad to tills sseeedlagly * 
taenil and valoable work. It is needless to say that it la the ontoome of many yaaii 
PtaoncAL KXPKRiKtKit amongst Seamen. 

“Souxn, JUSioiooB, uallt hxx«7Cl."—2%« 


Ninth Edition. JRevmd, with Chapters m TritHi Buoyancy, and Ctdcvla- 
tiom. NumerouB Illitatmtiona, Handsome Cloth, Croton 8vo, Price 7e, 6d. 

KNOW YOUR OWN SHIP. 

By THOMAS WALTON, Navai. Abohitbct. 
Spatially arranged to suit the requirements of Skips' Off oars, Shipou/ners, 
Superintendents, Draughtsmen, Engineers, and Others, 

Tlds work explains, in a simple manner, snob important sahleotsas:—DlspMoement.— 
Deadweight,—Tonnage—Freeboard. —MomentB.—BaoyaDoy.—6train.—BtrDotnre.—Btab- 
tUty.—Bolling.—Ballaetlng.—Loading.'—Shifting Cargoes.—Admission of Water.—Sell 
Area.—An 

**T1m little book will be fonnd xxcsBi>iaoi.T ramdt by most ufHoers and offlclali oonneoted 
wltb sbippint. ... Mr. Walton's work will oU«in XAsnae siccu», because of its unique 
gtnass for thoee for whom it has been written."—SUppfaff World. 


BY THM gAMg ATTrHOlt 

STEEL SHIPS: Their Construetton and Haintenanee, 

(Bm page 38.) 

*,* got Complete lAt of Gan'nK'a SAnmoAi Sebim, we p. 39. 


lOMDON: CHARLES SRIFFIX i CO., LIMITED. EXETER STREET, STRAUS. 






OBARLBS GRIFFIN A 00.*8 PUBLICATIONS, 


SizTSXNTH Edition, Tlu>roughly RtxiBtd, Large 8t>o, Cloth, 
pp, i>xxiT+712. WUh 250 JlMrationM, reduced from 
Working Lrawingiy and 8 PlaUe. 21«. nti^ 

A MANUAL OF 

MARINE ENGINEERING: 

OOMPRISIKa THE DESIGNING, CONSTRUCTION, AND 
WORKING OP MARINE MACHINERT. 

By A.E. SEATON, H.LC.E., ]ir.LHeeh.E.. H.LN.A. 

Gskirai. Conxehts. — Past I.—Principles of Marine Propnlsion. 
Pabi II.—Ptinciplea of Steam En^eenog. Part III.—Details of 
Marine Engines: Mngn and Calcnlations for Cylinders, Pistons, Valves, 
Expansion Valves, &o. Past IV.—Propellers. Part V.—Boilers. 
Past VI.—Miscellaneous. 

"The Student, DraUKhtsmsn, and Eusiueer will find this work the uoei valuabls 
Babdbook o< Hefetenee on the Marine Ensioe now in exiitenoe.”—MM m EMneer. 


Niktb Bditioh, Thoroughly Revised. Pocket-Sise, Leather. 8s. fid. 

A POOBUT-BOOE OP 

HAKlHi EMlNEEKQie BOLES ABB TABLES, 

TOB TBx nsi or 

■aplne BngineerA Naval Arehlteets, DesttrneFs, Dranghtsmen,, 
raperintendents and Otnen. ^ 

By A. E. SEATON, M.I.O.E., M.l.Meoh.E., M.I.N.A., 

AHn 

H. M. ROXJNTHWAITE, M.LMeokE., M.I.N.A 

" The beet book of Ite kind, end the Information is Iwlh up-to-date and reliable.’ — 
Mtiffineer. _ _ 

In Large Svo. Handsome Cloth. With Frontispiece, 6 Plates, 

85 other Illustrations, and 60 Tables. 12s. 6d. net 
VHX: BCRXIW PXtOPEiZeXsER 
And other Competing Instruments for Marine Propulsion. 

By a. E. SEATON, M.Inbt.C.E., M.LMeoh.E., M.I.N.A. 


In Pocket Site. With 368 Pages. 3s. fid. net. 
ENOLISH-SPANISH and SPANISH-ENGUSB. 

BX 3 A. TSSRSKB AND PKRABRB. 

By Flbbt-Paymastbb GRAHAM-PEWLEIT. 

"KoU complete . . . luieful . . . we can heartll; recommend it."—SieamrMp. 


In thrown Svo. Handsome Cloth. Many Diagrams. 2s. fid. net. 
DEFINITIONS IN NAVIGATION AND NAUTICAL ASTBONOMV. 
By P. GROVES-SHOWELL, 

Bead of the Karisatlon Department, IaO.C. School, Poplar. , 

"Mr. Ororee-Miowell write, with a full knowledse of bis eablect, and with edmlrable- 
oioarneeB Sbipbathfar. _ ._ 

ilWOOM; CH/RLE8 GRIFFIN A CO., LIM'TED, EXETER STREET, 8TRIUI0. 





lesoiiiJsiSBiNa and msosAHios. 


4 $ 


SxooKS Edition, Htmtd. In Vroum Boo, extra, with Diagranw 
and folding-PlttU, 7>. 6d. net, 

THE 6aLCULUS for ENGINEERS 
AND PHYSICISTS, 

nrrEaBAXioir and DiFFEBEimAiioir, 

With Applications to Technical Problems; 

aULSSIFISB BSFEBEKCK LIS? OF INTEOBAIia. 

By prof. ROBERT H. SMITH, A.M.In8T.C.E., M.I.Mech.E., Jcc. 

** latereatiBf diacmiuB, with prMtioai iituatratloiu of occnmnee, an to be romid ben 
in aboadance. I'Bi Tilt ooMPtMi clasbivibo iipiumoi tails will prore terr unfui la 
MTloir the time of thou who wait an Integra] in a banT.^^S^e Sngtnur. 

In 4to, Soarde, 7«. 6d. 

MEASUREMENT CONVERSIONS 

(English and French): 

43 OBAPHIC TABLES OB DIAOBAMS, OH 28 PLATES. 
Shoving at a glonoe the McTroi, Contxbsion of Miasdbihintb 
in DiTfSBHNi Units 

Of Imigttu, Areu, Yolomes, Weighta, Btreuei, Dsniieei, Qoiniitiei 
of Work, Hone Fowen, Xemperatoiea, Ite. 

Wo* tha uat of Eitglimn, Sunoi/ora, AnhUooto, anil Cootraotora. 

By prof. ROBERT H. SMITH, A.M.lNeT.C.E., M.LMsch.E., 4o. 

'/ These Tablns form the most nniqne and oompiehenalre ooUeotira 
ever placed before the profession. By their dm mnoh time and laboor will 
be saved, and the ohanoea of error in calonlaUon diminished, « 


THIBI) Enmos. Pocket Sbe, Leather Limp, with 6Ut Edges and Bounded Comen, 
printed on Bpeclal Thin Paper, with lilnstrations, pp. I-xti+884. Prioe I8s. net. 

(THE NEW "NYSTROM") 

THE MECHAHIBAL ENCINEER'S REFERENCE BOOK. 


By henry HARRISON 8UPLEE, B.So,, M.B. 

" We tael sure it triil he of great lervloe to mechanical engineers."—Enpineirftig. 


THE STUDENT’S MECHANICS: 

An IntrodnetlOB to the Study of Foree ud notion. 

By WALTER R. BROWNE, M.A., M.Inst.C.E. 

With Diognmii. Crown 8vo, Cloth, ga. dd. 

w fi ttiT fakit^ajidpneticilfaiaathod. *1^ STPsufr'i MiCHAina'iieordiAUirioto 

T ^a ^ an i dmd fruB aU jMtiaU flf tfiBW'. ffau n i Wt . ^ 


By Tins Baub Authors 

FOUNDATIONS OF MECHANICS. 

Ptpen repri&tod from the Enffintir, In Crown Sto, lie 


mm: GHABU8 fiRIFFIN k G0.| UNITED. EXETER STREET. STRm 
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OHARbWS QHirPlN A OO.’S PUBLICATIONS. 


ELECTRICAL ENGINEERING. 

StcoND Edition, Revistd. In Large Sva, Handsome CU^k. ProJuselj 
Illustrated foitk Plates, Diagrams, and Figures, 241, rstt, 

CENTRAL ELECTRICAL STATIONS: 

Their Desigrn, Organisation, and Management. 

By CHAS. H. WORDINGHAM, A.K.C., M.Inst.C.E., M.Inst.Mech.E., 

Lftt« Memb. of Council lnstE.E., and Electrical Engineer to Uie City of Manchester: 

Electrical Eogineer'iiwChief to the Admiralty. 

"One of the most valuablm contributions to Central Station literature we have had 
lor some 


In Large 8vo. Handsome Clolh. Profusely Illuslrated. 125 . 6d. net. 

ELECTRICITY CONTROL. 

A Treatise on Eleetrle Switchgear and Systems of Electric Transmission. 
By LEONARD ANDREWS. 

A.«uiociate Membei of the Institution of Civil Engineers, Member of the Insdtution of 
Elet^cal Engineers, &c 

General Principles of Switchgear Design.—Constructional Details —Circuit Breakers or 
Arc Interrupting Devices.—Antomaticaliy Operated Circuit- Breakers.—Alternating Reverse 
Current Devices.—Arrangement of 'Bus Bars, and Apparatus for Parallel Running.— 
General Arrangement of Controlling Apparatus for High Tension Systems, — General 
Arrangement of ControUug Apoaiatus for Low Tension Systems.—Examples of Complete 
Insuluiuons—Long Distant Transmission Schemes. ^ 

" Not often docs the specialist have presented to him so satisfactory a book as tnis. . . . 
We recommend it without hesitation to Central Station Engineers, and, in fact, to anyone 
interested in the suldecL*’— 


Large Svo, Cloth, with 3vU Pages and 307 lilustrations. 16s. net. 

ELECTRICITY METERS. 

By HENRY G. SOLOMON, A.M.InBtE.E. 

CounpENm—Introductory.—General Principles of Continuous-Current 
Meters.—Oontmuous-Ourrent Quantity Metets.—Continuous-Enei^ Motor 
Meters.—Different Types —Spedal Purposes, i.e.. Battery Meters, Switchboard 
Meters, Tramcmr Meters.—Genend Principles of Single- and Pol^hase Induc¬ 
tion Meters.—Single-phase Induction Meters.—Polyphase Meters.-^Tariff 
Systems.—Prepayment Meters.—Tariff and Hour M^ers.—Some Mechanical 
Features in Meter Design.—Testing Meters.—I ndex. 

“ An earaeat and Roocoisfal attempt to deal oomprehe&ntveiy with modern meUtode of 
nieaiuiing oorrent or power In eleoirical InetaUatiOQB.*'—ANpineeHny, > 

In Large Svo. Handsome Cloth. Fnfly lUnstrated. 

TRiLNSFORMSlRS. 

By HERMANN BOHLE, M.I.E.E., 

Prof, of Electroteohnlos, 8.A. Collie, Cape Town, 

Akd ^vbsbob DAVID BDBEB.TSON, B.Sc., A.I.E.E., of Bbiktol, 

CdaiSMTS.—General Prluciplee.—MagnotlBlng and No-Load Ourrente.— LoaiA in 
TranBfcnrmera—Iron Losses.—Copper Losses. -Temperature Rise.—Hagnetio Leakage.— 
Leakage Inductance.—Vector Dfamms for Transformera-^yatematio Testing of Dnuis* 
formers.—Insulating Materials.—Examples of ConitruotloD.—D^lgn erf Tranifomers.— 
Appllcatkms of Transformera—Regulating and Phase-Changing T]nmsfoimets.—lKSU. 


LONDON; CHARLES ORIFFIN A CO., UNITED, EXETER STREET, STRAND 
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In Large Crown 8 vo. Handaome Cloth. Fully IlluBtrateil. Cs. net. 

TELEGRAPHIC SYSTEMS, 

AND OTHER NOTES. 

A Handbook of the Principles on which Telegraphic Practice is Based, 

By AETHTJR CROTCH, of the Kngineer-in-ChieTe Oepartnieni', G.P.O. 

C0HTBNT8.—Bfttteriea, Primary and Secondary. — Univerwil liattery Working.— 
Duplex Telegraphy.—Duplex and Quadniplux Tcl^aphy.-- Automatic 'I'oU'napl^.— 
Mnltiplex Telegraphy.—ITie Hughes Typo Prioting lastrumeiit.—The Baudot Hyibcm.— 
The Murray Typo Pnutiug Tciegraph.~xeRt and mttery Boxes.—Circuit Conoentratfon, 
^c.-'-Eepoaters.— Submarine Telegraphy.—Wireless Tolegi'aphy. — Indkx.—LIST OF 
DiAURAHH OF COMUXOIIOMS. 

“ This h(Hik is a particnlai-ly goutl one . . . ue can tlioi-onglily recoramemlit . . • 
a hmidy book of ready vett'rvwc.”-Jitectrical lievicw. 


In Large 8 vo. Brofasely illustrated. Ss. 6 d. net. 

WIRELESS TELEGRAPHY. 

By GUSTAVB FICHHORN, Pk.D. 

UoNTSNTB.—Oscillations.—Closed and Open Oscillation Systems.—Coupled 
Systems.—The Coupling Compeimating the Aerial Wire.-Tlie Receiver.— 
Comparative Measurement in the Sender.—Theoretical Results and Osculations 
m respect of Sender and Receiver.—Close* and Loose-Coupled Sender and 
Receiver.—Formula^.—The Ondameter.—Modem Apparatus and Methods of 
' Working.—Conclusion.- -Bibliography.— Indkx. 

I “Welkwritten . . . and combines with a good deal of descriptiun a careful 
lUTiabigauon of the fundamental iheoieUoal phenomena.'’—ifafure. 


Njnrt»enth Edition. Leather, Pocket Sise, with 810 pages. Ss. 6 d. 

A POCKET-BOOK OF . 

ELECTRICAL RULES & TABLES 

irOR THE USE OF ELECTRiClANS AND ENGINEERS. 

By fOHN MUNRO. C.E.,* Proy. JAMIESON, M.Inst.C.E., F.R.S.B. 

**Woin}nFUU.y Pstrscr. . . . Worthy of the highest c o nu ae iu la o o n we can 
1 ^ 'oF—SUctricitm. 


aEISTllI’S ELBOTBIOAL FBICE-BOOE: For Electrical, Civil, 
Marine, and Borough Engineers, Loal Authorities, Architects, Railway 
Contractors, &c. Edited by H. J. Dowsing. SncoNnEoiTiON. 8 s. fid. 


ELECTBIC SMELTIHO AND BEPINING. By Dr. W. Bobobnks 
and W. 6. McMillan. [See p. 67. 

ELECTBO-METALLUBGY, A Treatise on. By Walteb Q. 
McMillan, F.tC., F.C.S., and W. 14. Coorsa. [Sjp p. 67. 

ELECTBICAL PBACTICE IN COLLIEBIES. By D. Borns, M.B., 
U.Iii8t.M.B. [See p. 67. 

SLECTBICAL SIGNALUNG IN MINES. By GBSALn J. Hooo- 

WINKRL, M.I.E.E., Ac. [In Active Pmpamiim. 


LONDON: CHARLES GRIFFIN « GO., LIMITED. EXETER STREET, STRAND 
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QUA RUBS 6R1FRW A OO.’S PUBLICATJOBR. 


in four Volumes. Crown 8vo. Fully lllustrateil. Sold Separately. 

AN ELEIBENTART TEXT-BOOK OF P&T8IG8. 

By R. WALLACK STEWART, D.Sc. (Lond.) 

Just PiTBUSllKU. Cloth. With 142 Illustrations. 38,*Gd. net. 

I G M T. 

CoNTUNTS. — Introductory. — Roctili Bear Propagation of Light— 
Photometry. — Reiloction at Plane Surfaces. — lieflection at Spherical 
Surfaces.—llefraction.—Ketraction through Lenses.-Uispersion.— Indkx. 

Vol. II. With 141 Pages and 48 Illustrations. 2 b. 6 d. net 

SOUND. 

CoNTSNTH.—Simple Harmonic Vibration.—Production of Sound.— 
Wave Motion.—]*ro}>agation of Sound.—'Cbaracterialica of Sound.—lie* 
flection and Refraction of Sound.—Velocity of Sound in Air and Water.— 
Transvei'Be Vibration of Strings.—Longitudinal Viliration of Tlods and 
Columns of Air.—I nhex. 

Other Volumes in Preparation, and whioh will be Published Shortly, 

HEAT. MATTER, _ 

In Large 8 vo« With Bibliograpiiy, Illustrations in the Text, and 
Seven Plates. 12 b. 6 d. 

THE MEAN DENSITY OF THE EARTH. 

An Essay to which the Adams Prize was Adjudged in 1893 
in the University of Cambridge. 

Bv J. H. POYNl'INfi, Sc.D., F.R.S. 

"Cannot fail to Ik' of great aiul funeral InUimi^—Athf/unm. 


Just FuBLniisi). In Crown 8vo, Cloth. Illustrated with 
. Diagrams. 3s. net. 

THE FORCE OF THE WIND. 

By HERBERT CHATLEY, B.Sc. Enq. (Lond.), 

Piofeaaor of Civil Engineering, 'J'oug Shan Engineering College. IL China. 
Contend.—* Practical Importance of Wind Pressure.—ImpnUive 
Force of the Wind.—Variations in Velocity. —Stream Line Theoi^. -Stress 
in Structures due to Wind.—Windmills.—Train and Motor Kesistance.— 
Effect of Wind on Water.—Scouring Effect of Wind.—I kdex. 

In Crown 8vo. Handsome Cloth. With 22 Diagrams. 

STRESSES IN MASONRY. 

'iSv HERBERT CHATLEY, B.Sc. E-no. (Lond.). 

CoNTXNTS.—Strength of Stone. —Walla.—Columss and Pier,.— 
BracfceU and Cantilevers.—Simple Arches.- Vaults and Skew Arches.— 
Domes.—Itetaining Widls and Domes,—ArtiSoial Stone.—Re-inforoed 
Co ncrete.— Index. 

UN 09 N; CHARLES QRIFfIN & CO., LIMITED, EXETER STREET. RTRAKa 
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In Five Volumee, Urge 8 to. Sold Separately. 

A TEXT-BOOK OF PHYSICS. 


By J. H. BOTNTING, Sc.D., F.B.S., 

Prolessor ot Physios, Biiniiiighwii Unlverslly, 

And Sir J. J. THOMSON, M.A., F.II.S., 

Professor ol Eiporimentel Physics lii the (rniversily ol Cnnibridite. 


Iktrodpotoby Volume. Fifth Edition, Bevisod. Fully Illustrated. 
10s. 6d. 


I*RO]PERTIBS OF* MATTER. 


OoBTMTB--Qra.vIta.tiOTi.--Tb® Aeoeleratlon of Qr»vity.--KaBticUy.—StrowM *ud 

S»S^*TorBioii.~BendinjE of Strain 

laiaaiite.—PreBBorei and volumes of Gaaea.—Therasl gfleott Accmn^yta* Stmt . 
Oaplllarlty.—Surface Tenalon.-Laplace’s Theory of Oepfliarlty.—Dlfliwlon of Liquid* 
Dlflfnelon of (Jases.—Viscosity of Liquids,— 


"We refterd this book as quite indlsponsable not merely to teachom Imt to tibyslcists of orery 
grade above the lowost."— Univergitv OomMptmaaut. 


' Volume II. Fifth Edition. FuUy Illuetrated. Prioe 8i. 6d. 

' SOXJI^D- 

Oo»T«™—ThB Nature of Bound audltt chief CharaoierlslI<a.-a'he .^'■““^,“1,??,“'^ 

lu a^ .ad™S;rM.^ and Bufraollou of 8«™fda’”S.^riSJ;ir2. 

!loS!i.-B6sottanoe and Forced OacUiatlonA—Analyals of aoJfSJJSf 

vSStU^of Strorohed Strings « Wires SrjSt-MSS 

-.Membranes.—Vibrations maintained by Heat.—benaitive Flamee ana jew. »b»h» 
8aud,—The Superposition of Wavtt^—laroicx. 

“■mework . . . maybe recommended to anyone desirous of possessing an aaii 
0 F..T 0 .paTi BrajEDaao Teiatisb on Aconstics,”—.Wisrofwa 


Volume III. Thibd Edition, Beriaed. Fully IlluBtrated. Price ISi. 

JSE AT. 

Oonssrratloni Me^inioal Equivalent ol 

Uojld, Vapour.—Critical Potata—Solids and Atmosp^e Co^toM.- 

aSilion -theory of Kxchangea-Eadlatlon and Temperature.-Thraodyna^w.- 
SothoOTid and Adiabatic Ohangoa.—Ihormodynaoili* of Changot ol SUto, and Soli 
tloos.—Thermodynamics of Eadiatlon.—INDBE . 

"“Well up-to5ate, and extremely clear and ewet throughout. . . . Ae^iear i 
It would bo possible to mate such a text-book —Nature. 


Kemaming Volnnise to Preparation— 

LIGHT; MAGNETISM AND BLECTKICITY, 


LOKDOH: CHARLES GRIFFIN & CO., LIMITED, EXETER STREET, STRAND. 



CRIFFIN’S LOCAL COVERNMENT HANDBOOKS. 


WORKS SUITABLE ITOR MUNICIPAL AND COUNTY ENGCNBERS, 
ANALYSTS. AND OTHERS. 

See also Davies' UygieiM, p. 9^, and MacLeod's Calevlaiitmi, p. 110 Geueral Catalogue. 

Gas Manufacture (The Chemistry of). A Handbook on the Pro- 

duotlon, Purlfloatlon, and Testiug of Illuminati^ Gas, and the Assay of Dye-]hx> 
ducts. By W.J.A.Bcttbrfibli>,M.A.,F.I.C.,P.C. 8. With Illustrations. POOMB 
Bditior, Revised. Vol. I., 7s. 6d. net. Vol. II., in prepamtim. [See page 77 

W&ter Supply : A Practical Treatise on the Selection of Source and th< 
Distribution of Water. Ky Bsoutald E. Middletok. M.lnst.C.S., H.lnBt.Mech.B. 
F.S.L With Numerous Plates and Diagrams. CiowuSvo. Ss. 6d. not. [I^epago?? 
Central Eleetrieal Stations : Their Design, Organisation, and Manage 
meut. ByC.H. Wori>inoham.A.E.C.,M.I.C.E. SifCOKDBDlTlON. 248.net. [Seep. 4« 

Electricity Control. By Lkonard Andrews, A.M.lnst.C.E., M.LE.E 

1^. Od.net. [See page 46. 

Electricity Meters. By Henry G. Solomon, A.M.lDst.K.K. }6s, 
net. [See page 40 

Trades* Waste : Us Treatment and Utilisation, with Special Keferenut 
to the Freveution of Rivers* Pollution. By W. Nayiok. P.C.S., A.M.Inst.C.E. 
With Numemns Plates, Diagrams, and Illustrations. 218. net. [See page 76. 

Calcareous Cements: Their Nature, Preparation, and Uses. Witt 
some Remarks upon Comoiit Testing. By Giibkkv Rkuo&avx, Assoc.In8tC.E. 
and CSAS. Spaokuan, F.C.8. Second Edition. With Illustrations, Analytical 
Data, and Appendices on Costa, Ac. 158. net. iSee page 76 

Road Hakin? and Maintenance : A Practical Treatise for Engineers, 
Surveyors, and others. With an Hbtorical Sketch of Ancient and Modern noottoo 
By Tbokas Axtkxn, AMoo.>r.lnst.O.E., Ac. Second Edition, Revised and En 
larged. Sis. net. [S^ pag; 76. 

The Principles of Sewage Treatment By Prof. Duhbab, bf Ham 

burg. Translated by H. T. Calvert, M.Sc., Ph.D., P.I.C. I6s.net. |8eepago7tt 
Uffht Railways at Home and Abroad. By William Henry Cole, 

M.In8t.C.E., late Deputy Manager, North-Western Railway, India. Large Svo, 
Handsome Cloth, Plates and illustrations. 16s. [Sea page 80 

Practical Sanitation : A Handbook for Sanitary liiBpectors and othen 
interested In Sanitation. By Gio. Beid, M.D., D.F.H., Medical Officer, Staffordshire 
County CounoU. With Appendix <re-written) on Sanitary Law, by Herbert Manley, 
M.A, M.B., D.P.H., Barrister-at-Law. Thirteenth Edition, Thoroughly Revised 
Os. [See page 78. 

Sanitary Enrineeringr: A Practical Manual of Town Diwinage and 
Sewage and Refuse Disposal. By Francis Wood, A.M.Init.C.B., F.O.S. Seconx 
Edition, Revised. Fully Illustrated. 8a. 6d. net. [Bee page 7& 

Dairy Cbemistry : A Practical Handbook for Dairy Managers, Ghemista, 
and Anaiysta. By H. Droop Riohhonil F.I.C., ChemM to the Aylesbury Dain 
‘Company. Second Edition, Revtsed. With Tables, HlustnU^s, Ac. Handsomi 
CIoul [See page 78. 

Dairy Analysis: The Laboratory Book of. By H. Droop Biohmond, 
F.I.e. Fully Illustrated, Cloth. 2s. 6d. net. ' [See page It 


Poods: Their Composition and Analysis. By A. Wyntsr Bltth, 
M.R.C.8., F.C.B., Public Analyst for the County of Devon, and M. W JBlttb, 
aA., RoC. With Tables, Folding Bate, and Frontispiece. Fifis Bdxtioe 
T horoughly Revised. 21s. [See page 7i 

lONDON: CHARLES SRIFFIN i CO.. LIMITED. EXETER STREET, STRANS 





fieologieal, Prospeetiig, Mining, and Metallurgical Pablleations. 


Geology. StratrtgpapMcal.. 
Practical Aids. . 

«. Open Air Studies. 
Mining Geology, 

Prospecting for Minerals, . 
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Demy 8vo, Sandaome cloth, 34^- 

StraUgrapUcal Geology & Pateontoli^, 

OJV TEE BASIS OF PHILLIPS. 

By ROBERT ETHERIDGE, F.R.S, 

•or TKB NATVftAX. HIST. OBPAKTMBNT. BRITISH UUSBUM, LATB PAL4!OirrOLOGlST TO THl 
CBOLOGICAl. SURVSY OP GRJUT BRITAIN, PAST PRESIDENT OP TKB 
(»OLOCICAL SOCIBTY, BTC. 

Wtb Aap, tlumerou0 tTablee, anb TrbtttCi^atx platea. 

** Mo such cf>nt r*»ntli iim of goolc^cal koowjedge has erer been brought together before.’*-^' 
Wtitmirntfr Rtvitv). 

'* If Pxor. Srblby's volume was remarkable for Us onpiiality aad the breadth of its 
Mr. Ethbridgb fuUv justifies the assertion made is his preface that his book differs io coo 
4tmcUoD and detail mm any known manual. . . . Must take high rank among vraixs 

OP RmRXNCB.**— 


AIDS IN 

PRACTICAL GEOLOGY! 

yriTH A sECTioir or palmortology. 

Br PROFESSOR GRENVILLE COLE, M.R.r.A., F.G.R 
Fifth Edition, Thorougbdy Revised. With Frontispiece and 
Illustrations. Cloth, zos. 6d. 

GENEBAL CONTENTS.— 

PART l.>-SAMPLINa OF THE EARTH'S CRUST. 

part It.—E xamination of Minerals. 

PART III.—Examination of Rocks, 
part IV.—Examination of Fossils. 

“Dbsbbving OP THB HIGHEST PRAISE. Here indeed are 'Aids' inmumbrablb and 
INVALUABLR. AS the Erections me given with the utmost clearsesi and preosion.”— 

'*TluU die work deserves Us title, that it is full of 'Aids/ and in the highest degree 
PRACTICAL,’ will be the v^ict of all who use U.*—MtfNrr. 


OPEVI-JLIR SOrUDISS IVT OKOXaOOYt 
An Introduction to Geolo^ry Out-of-doom. 

By professor GRENVILLE COLE, M.R.I.A., F.G.S. 

For detiuls, see Griffin's Introductory Science Series, p 8j. 


* Ctynvn Stv. ffandsonu Cloth, 2s, 6d, 

BESEABCEEB ON THE PAST AND PRESENT HISTORY 

OF 

THE EARTH^S ATMOSPHERE. 

Inoluding the latest Dieooveries and their Praotioal Applloatione. 

% By dr. THOMAS LAMB PHIPSON. 

Part I.—The Earth’s Atmosphere in Remote Geological Periods. 

Paat II.—The Atmosphere of our present period. Appendices; Index. 

" The book should prove of intermt to general readen, as well as to metemologists six 
^er students ofsdeiice.’''-.y«/Mrv. 
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Settlers, Colonists, and all Interested in the opening 
vp and Development of New Lamds. 

Editku by GRENVILLE A. J. COLE, M.R.LA., F.G.R, 
Prufeisor of Geology in tihe £oya! Ck>llcge of Science for IreUmd, and Examiner In 
the UniverBity of London. 


In Crown Svo. Handsome Clotk, 5e. 

H’»<4 Numerow Maps Specially Drawn and Sxecuted for this Work. 

NEW LANDS; 

THEIB BESOITBCES AND PBOSPECTIVE 
ADVANTAGES. 

By HUGH ROBERT MILL, D.Sc., LL.D., E.R.S.I., 

''A front admirably eupplied. . . . Bu the edvaat^e of being written by a pro> 
esMod Geographer.*'— Joarnal. 


With many Engravinj^ and Photographs. Hands^ime Cloth, ds. 6d. 

.FOOD SDPPLY. 

. « By ROBERT BRUOE, 

i^iiniittiral Saperlctendent to the Koyal Bnbiio Bodety. 

With Appendix on Preserved Foods by C. A. Mitohkll, B.A., F,LO. 

"The work U one which will appeal to those intending to become farmers at hmne 
or ill the Colonies, and who desire to obtain a general idea of the true prlnct^lee of 
fanning in AU. 1T8 beanohks.’’— i/owmof qf the Royal ColonuU IntL 


Fiwh Bditioit. With JUustrations. Handsome Clothf Bs* 

PROSPECTING FOR MINERALS, 

A Practical Handbook for Prospectors, Explorers, Settlors, and alt 
' intersated in the Opening up and Oeuetooment of Hem Lands. 

By S. HERBERT COX, Asboc.R.S.M., M.In8t.M.M., F.G.S., 

Professor of Mining at the Hoyal School of Mines. 

GmtKRii CoNTlNTg.—Introdnotion end Hints on Gieology—The Detominii 
tion of Mineri: Use of the Blow-pipe, fto.—Rook-foijning Minetnls ud Non- 
Metsllic Minet^ of Oommerciid Value: Rock Salt, Bonnn Marbles, liUio ' 
jmphio Stone, Quarts and Opal, * 0 ., Ac.—Predons Stones and Gams—Stratified 
DeposiU! Coal and Ores-Mineral Veins and I/odea—Irregular Depoaita- 
Dynudcs of Lodes: Faults, to.—Allndal Depoats—NoUe Metals: Gold. 
PlatinniD, Silver, Ao.-Lead-Meroury--Copp^Tm-Ziiic-I»u-THUkel. 
4c -Sulfur, Antimony, Aisenio, to.—Combustible Minetals—Fetiolsnm 

Go'iwtal &.ts on Prospeoting-Glosaary-Index. _ 

" ihli anioiUBia Limi wobk . . . written with soiiuTina loonuoi In 
OLixB end iDom style. . . . An mponiixT APPmos to technical lltsmtaro . . . 
-.-.Mining Jewnal. 
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WOSICS BY 

SIR CLEMENT LE NEVE FOSTER, D.SC{, F.R.S. 

Sixth Edition. With Frontispiece and 716 lilustiations. Price 34s. 

ORE & STONE MINING. 

By Sir C. LE NEVE FOSTER, D.Sc., F.R.S., 

LATB PROPRSaOR OP UmXNG, ROYAL COLLBGB OP SCtBNCB, 

Revised, and brought up*to*date 

By BENNETT H. BROUGH, F.G.S., Assoc.R.S.Me 

GENERAL'CONTENTS. 

INTBODUCTION. Mode of Oeeupr^nee of MlnepalSe—Prospoetlnff.—Boring. 
-Breaking Ground.—Supporting Bzeavattons.—Exploitation.—flatUage or 
Traniport.—Hoisting or Winding. —Drainajro.—Ventilation.—LlghUng.— 
Deseent and Ascent.—Dressing—l^inelples ofEmployment of Mining Labour. 
—Legt^tlon afFeeting Hines and Quarries.—Condition of the Miner.— 
Aectoents.—Index 

" We have Roldom had the pleasure to review a work ao thorough and complete ae 
the present one. Both in mauuer and in matter It is FAR NOPKHiuli to AMTIIUNO on 
ITS SPBQIAL SUBJKCT BlTHaBTO PVfiUSIiXl) IM BNOLARP.”— 

Not only is this work the acknowledged text*book on metal mUilng in OnMtt Britain 
sad the Colonies, but that it is so regarded in tlte United States of America is evidenced 
by the fact that it Is the book on that subject recommended to the students In mmt of 
the mining schools of that country. "—rAe TvmeB. 


In Crown 8vo. Handsome doth. With nearly 300 lUustratioos.^any ( 
them being full page reproductions of viewu of great interest Price TsrUd. net. 

THE ELEMEHTS OF MINING AND QUARRYING. 

An introduotory Text-Book for Mining Studenta. 

By Sir C. LE NEVE FOSTER, D.Sa. F.R.S., 

Late Professor of Mining at the Royal College of Science. 

General Contents. — Intboduotion. — Occurrence of Minerals. — Pro* 
■pectw—Boring.—Breaking Ground.—Supporting Excavations.—Exploita¬ 
tion —Haulage or Transport.—Hoistii^ or Winding.—Drainage.—Ventilation. 
■"-Lighting.—Descent and Ascent—Dressing, &c.— Index. 

** A remarkably clear survey of the whole Neld of mining operationa”—Nxj^'nesr. 

" K^ly does it fall to the lot of a reviewer to have to acoora such unqualified praise as- 
this book deserves. . . . The profession generally have every reason to be grateful to 
Sir C. Le Neve Voster tot having enriched Mucational literature with so admirable an 
elementary Text-book.**—Jftninp Jownai. 


In Large Crown 8 vo. Fully Illustrated. 6 s. net. 

THE INVESTIGATION OF MINE AIR: 

An Account by SauemI Authors of the Nature, Significance, and Praoticat 
Methods of Measurement of the Impurities met with in the 
Air of Oollieries and Metalliferoua Mines. 

^ editid by. 

Sir clement LE NEVE FOSTER, D.Sc., F.R.S., 

And J. S. HALDANE, M.D., F.R.S. 

We know of nothing euential that has been omitted. TIm bo^ is Uberrily supplied 
rith Uluitnuicws of apparaius.”— Guardian. 
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WORKS ON COAL-MININQ. 

Fitih EditioI, ReviBed and Greatly Enlarged. With 4 Plates and 
690 Illustrations. Price 34 b. net. 

A TEXT-BOOK OF COAL-MINING: 

FOR THE use OF COLUERY HAHAOERS AHD OTHERS 
EHOAOED IH OOAL-HtNIHO. 

By HERBERT WILLIAM HUGHES. F.O.S., 

Anoc. RotbI School oflUavt, Genertl HuiiagerorSandwell Park Oolltor}. 

Gsn£RAl CoNTKNTSs—GeoIc^.—Search for CoaL^BreakioK Qroutid*^ 
Sinking.—Preliminary Operations. — Metliods of Workiog.—llaulage.— 
Winding.-Pumping.—Ventilation.—Lighting.—Works at Surface.—Pre¬ 
paration of Coal tor Market.—I n nxx. 

‘'QuitoTHaBKsTitoosofItHkiQil . . . as PBACTiCAi. ill aim US a book ran bo . . Ths 

fllnstratloDo are bxcbllbbt."—.A iAenowin. 

"We GOi^tolly recommend the work."'-CoUieri/ Qvardlaii. 

" Will soon oumo to i>e ri>gurded as the i$TAJ(dat.s work of its kind." Birmingham Dttily (Jautte 


Foubtb Bdition, Tkoroiuhly Revised and Greatly Rnlarged. lie-set 
throughout Large Crown 8vo. Handsome Cloth. 128. 6d. 

PRACTICAL COAL-MINING: 

a MANUAL FOR UANAaERS, UNDER-MANAOERS. 
aOLUERY ENOINXERB, AND OTHERS. 

!"i(4 Corked-nut Probltnu on Haulage, Pumping, rsBitlaiion, Ac. 

By GEORGE L. KERR, M.E., M.Ihst.M.E. 

CONTENTS.—The Sources and Nature of Coal.—The Search for L'aal.— 
Sinking.—E^loeives.—Mechanical Wedges.—Rock Drills and Coal-cutting 
MaohiDOB.— Coal-cutting by Machinery.-Transmission of Power.—Modes of 
Working.—Timbering Koadw^s.—Winding CoaL—Haulage.—Pumping- 
Ventilation.—Safety Lamps.-Surface Arrangements, Surveying, levelling. 


“An BUSHTIALLT FBAOTIU.I. woms, Slia O.U bs conCd.ntlr rwommsnded. 
of Coal-Hlnlog hu been overlooked.*'— Oaxetu. 


Ko ftepHrrmiiot 


SxooND Edition Revised. In Crown 8vo. Handsome Cloth. 

With 200 lUnstrationa. 3 b. 6d. 

ELEMENTARY COAL-MINING; 

FOR THE USE OF STUDENTS, MINERS, AND OTHERS 
FREFARINa FOR EXAMINATIONS. 

By GEORGE L. KERR, M.K., M.IifST.M.E. 

CoKTSMTS.—Sources and Nature of Coal,—Kxploration and Boring for 
Coal.-Breakiu Gronnd.—Explosives, Blssting, sc.—inking and FiMIng 
of Shafts.—Modes of Working.—Timbering Roadaaya—Winding and 
Drawing—Lanlage.—Pumping and Drainage.—Ventilation.—Cleaning and 
Sorting Coal -Surveying, so. 

“An sbondaneo of lofomuttoD conveyed In a popuUr snd BbtnetlTs fonn. . . . Win b. 
of treat nM to all who are In any way Interested in coal mlnlog.’*—Aeogiilt Oritie. 
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Thikteknth Edition, Revised. With Numerous Diagnms. 

Cloth, 7 $. 6d. 

A TREATISE ON MINE-SURVEYING: 

far the me of Managen of Hlnet and Oolllerlee, Stodente 
at the Royal Sohool of Htnee, do. 

Bv BENNETT H. BROUGH, ASSOC.R.S.M., F.G.S., 

Formerly Instractor of Mine-Snrvevins, Royal School of Mines. 

Contents. — General Explanations. — M^uremeut of Distances. — Miners 
Dial.—Variation of the Magnetic Needle.—Surv(wng with the Magnetic Needle 
in the Presence of Iron.—Surve 3 ring with the Fixed Needle.—Hie German Dial.— 
TTic Thaxiolite.—Traversing Underground.—Surface Surveys with the Theodo¬ 
lite.—Plotting the Surwy.—Calculation of Are^—Levellmg.—Connection of the 
Underground and Surface Surveys.—Measuring Distances Telescope.—Setting- 
out.—Mine-Surveying Problems. — Mine Plans.—Application of the Magnetic 
Nettle in Mining.—Photographic Surveys.— Appendices.—Index. 

“lUCLBARNBSS ofSTYLB, LVCiOn'Tof DBSCRiPTION, and FULmi8SofD8TAn.have long ago •nw 
for U a idoce unique In the Utentoreof this branch e( mlntne CDKineerlng, and the present edltloii lolly 
•abtnms the high itinderdof Its predecessors. To the student, and to the mining engineer aUkt. ITS 
VALUB li Inesdninble. The lUuitratiMis ere excellent.''— TAc ytumaU 


In Crown 8 vo. Handsome Cloth. Fully Illustrated. 6 s. net. 

A HANDBOOK ON 

THEODOLITE SDRYEYIH6 AND LEYELLINfi.; 

For the use of Students in Land and Mine Surveying. 

By Professor JAMES PARK, F.G.S. 

CoSTBsra.—The Scope and Object of Surveying.—Land Surveying.— 
The Theo^lite.—Chains and Steel Bands.—OWtacles to AlUgnment.— 
Meridian and Bearings.—The Theodolite Traverse.—Co-ordinates of a 
Station.—Calculation of Omitted or Connecting Line in a Traverse.— 
Calculation of Areas.—Subdivision of Land.—Trlangulation.—Determina¬ 
tion of True Meridian, latitude and Time.—Levelling.—Hulway Curves. 
—Mine Swveying.—Surveying Boreholes.— Index. 

'*A book^ which should prove as useful to the professional surveyor as to the 
fliiiient.’*—JTatttfv. 


SsooND Edition, Revised. Crown 8 vo. Handsome Cloth. Illustrated. 6 b. 

MINING GEOLOGY. 

A TSKT-BOOE FOB MINING STUDENTS AND MINBB8. 

By PROF. JAMES PARK, P.G.S., M.Inst.M.M., 

Professor of Mining and Dlreotor of the Otago XJxhveriltir School of Mines; late Dlreotoc 
Thames School of Mines, and Geological SuT^r and Mining Geolofdat to the 

^ Government or New Zealand 

11 GxBBRiL Contents.— Introdnotiou. - ClaislhoaUim of Mineral Depoalts.—Ore Velni, 
Filling, Age, and Structure.—The Dynamics ut Lodes and -Ore Depoelti 
OeBetioaltyConudered—OrM and Minerals Considered Bconomloally.—Mine SImptiiig 
and Ore Valo^iou.—^e Examination and ValuaUon ot Mines.— Index. 

“A work which should find a place in the library of every mining engineer.*— 
JHii6y ForM. , 
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WOBKS FOB MINBBS ABTD STUDBWTS. 

Thisd BDlTiifN. In Crown Svo. Handsome Cloth. With 30 New 
Illnstrations. 

ELECTRICAL PRACTICE IN COLLIERIES. 

•Br D. BURNS, M.E., M.Inst.M.E., 

Lecturer ud Mlniofr Md Goologj to the Glasgow aad West of Scotland Techuieal Collie. 

Unite of Measurement, Conductore, &c.—The Theory of tiie Djmamo.—The 
Dynamo, Details of Construction and Wwldng.—Motors.'-Lmhting Installa¬ 
tions in Collieries. *>• Pumping by Electricity. — Electrical Haulage. — Coal 
Onttiog.Miscellaneous Applications of Ele^city in Mines. *-C^ Mines 
^gulation Act (Electricity).'— Index. 

**A clear and concise introduction to electrical practice in coUierlei.’*—Jfinfnir 
Journal. 


In Crown Rvo, Handsome Cloth. Ss. 6 d. net 

MINING LAW OF THE BRITISH EMPIRE. 

Br CHAKIiES J. ALFOKD, F.G.S., M.In 8 t.M.M. 
(JONTENTS.->Tbe Principles of Mining Law.—The Mining Law of Great 
Britain.—British India.—Ceylon.—Bnrma.—The Malay Peninsula —British 
Korth Borneo.—Egypt—^pruB.— The Dominion of Canada.—British 
Guiana.—The Gold Coast Cfolony and AshantL—Cape of Good Hope.— 
Natal. — Orange Kivor Colony.—Transvaal Colony. — Rhodesia. — The 
Commonwealth of Australia.—New Zealand, &o.— Index. 

** Cannot fall to be useful . . . we cordially recommend the book.*IPorfd. 


^PoDBTii Editioit. /« Large 8w. Price 10«. 6d. 

AiNE accounts and MINING BOOK-KEEPING. 

Fop Students, Hanatrers, Secretaries, and others. 

With Examples taken from Actual Practice of Leading Compgnlti. 
By jambs ODNSON LAWN, A.B.aM., A.M.Iiut.C.E., F.6.S., 

Head of the Mining Beinitment, Camborne School of Mines. 

Edited BY Sm C. LE NEVE FOSTER, D.Sa, F.R.8. 

seems ncpoesnu to sogeest how Hr. Laws's book eouJd be made more oounm or 
more valuam.!, careftil, and exnatutlTe.'’«<'Ac(;o«»IaiiI«' Magatint. 


Second Edition. Iq Pocket'Sixe, Strongly Bound in Leather, 3a. 6 d. 
Provided with Detachable Blank Pages for MS. 

THE MINING ENGINEERS’ REPORT BOOK 

AND DIRIGTORB' AND SHAREHOLDERS’ GUIDE TO MIMING REPORTS. 

By EDWIN K. FIBLD, M.Inst.M.M. 

With Notes on the Valuation of Property, and Tabulating Reports, 
Useful Tables, and Examples of Calculations, Ac. 

"An iSlcnuBLT oompUed book which Miolo, Bnglneen ud Huagen WO) And 
■XTRIVKIT DSEYhu.''—jrMinp JounuU. 


la Crown Svo. Handsome Cloth, niastrated. lOa. 6 d. net. 

A DICTIONARY OF # 

SPAHM AM) SPiHISH-ilERIGAil NIlilM, KETALLlIBGm 

AND ALUEO TEBHS. 

To wMoh MM* Portuguese antt Portuguese’-Amerlovi {BrazUIsm) Ttrmt ore aJM. 
By EDWARD HALSB. A.iL 8 .M,, 

Mem. Inst Ming, and Hetali., of the Eng. Inst of Ming, ud Meteli. Eagrs., Ac.. 

“ VIU he foond of the greatest larrice to the mining piErfeesioo."—eTosmot _ 
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In Medium 8vo, Hendeome Cloth. With 18 Figureacn the Text, 
and 19 Folding Flatee. lOs. 6d. net. 

SHAFT-SINKING IN DIFFICOLT CASES. 

Bt j. riemee, 

Translated by J. W. BROUGH. A.M.In8t.C.E. 
Contents.— Shaft Sinking by Hand.—Shaft Sinking by Boring.—The 
Freezing Method.—The Sinking Drum Process.— Biblioorayhy.—^ndex. 

"I^e transistor deserves the thanks, of the mining commmiity for placing this 
valttable work before them. . . . The work Is one which every mining en^ueer 
should include In his library.”— World. 


Second Edition. Revised. In Large 8vo, with Humeroos Illustrations 
and Folding Pbtes. lOe. 6d. 

BLASTING: AND THE USE OF EXPLOSIVES. 

Bt OSCAR QUTTMANN, M.Inst.O.E., F.I.C., F.C.S. 
Contents. — Historioal Sketch. — Blasting Materials.—Qualities luid 
Sandling of Explosives.—The Choice of Blasting Materials.—^paration 
of Blasts.—Chamber Mines.—Charging of Boreholes.—Determination of 
Charge.—Blasting in Boreholes. -Firing.—Results of Working.—Various 
Blasting Operations.— Index. ^ 

" Should prove a v«dt-mrcum to Mlnbg Engineers and all engaged in practical work. 
■~lrm and Coal TreuUt Rtview. # e 


In Medium 8vo, Cloth. With many Illustrations in the Text. 

• Pour Full Page Plates and Four Folding Tables. Gs. net. 

KEW METHODS OE 

TESTING EXPLOSIVES. 

By 0. E. BICHBL. 

Teahslatxd and Edttiid by AliEX. LARSEN, M.Inst.O.E, 

CoNTBNTS. — Introductory. — Historioal_Testing Stations. — Power 

Gauges. — Products of Combustion. — Bate of Detonation. — Length and 
Duratiim of Flame.—After-Flame Ratio.—Transmission of Explosion.— 
Conolnsions.—Efficiency. 

“Its page, bristle with .uggestlon. and eotual experimental resulte to sn extent 
seldom found In a volume of five times Its sixe."—Arms and ExptoHw», 

In Crown 8vo. Handsome Cloth. Fully Illustrated. 

A UANITAL ON 

ELECTRICAL SIGNALLING IN MINES. 

^ GERALD J. HOOGHWINKBL, M.Inot.E.E., M.I.Mis.E. 
CmftXMTB.—SEonoH I.—Electric Hauiwe SigualiHo) Acouitlo SIgDAls.-<h) Optical 
Signola.—<c) Acouitlc Optical Siguals.-“CiirreQt SupjHy.—Batteries.—Aooumulaton.— 
Main flupply.-'Design and Construction of Signalling InstallattoQs.>-MaiQteiianoe of 
Si^alllng InstaUatiuQS, SsorroN II.—Electric 8hi^ Signals—(a) Acoustic Slgnala—(h) 
EfeotTO-Mechanlcal Signals.—(c) Optical Acoustic Signals.—Signals for Winding Ifinenli. 
—F<« Winding Men.—Shfoaulog from the Cage. — Emergency Stguala—Bells.—Mine 
Telegraphs.—Mine Telephones. Skotiok III.-^pecial Applications in Mlnea 

' tONDON: CHARLES GRIFFIN <l CO.. LIMITED. EXETER STREET. STRANS 









Miaim AND MiBTALLVRGY. 




SscoND EsmoKy Rtviwd ThrwtgktAU. In Medium 8t>o. H'ttA 
yttmerous Flatee, MapM^ and lUuatratioHe. Zls, net. 

GYANIDING COLD & SILVER ORES. 

A Practical Treatise on the Cyanide Process; its Application, 
Methods of Working, Design and Construction of 
Plant, and Costs. 

By H. FORBES JUBIAN, 

Ulnlug HUd UetAllurglual Engineer; Bpeelntlet In Gold; TntUi Technics] Adviser or the 
Doutsclie Gold und Bilber Bchcide Aosteii, 

Anb EDGAR SMART, A.M.I.O.E., 

Olvl] and Metaliurglail Engineer. 

A handsome vulnme of 400 pages which will be a valuable book of reference for all 
assGclated with the process. Jounuii. 

'' The authors are to be congratulated upon the production of what should prove to be 
a Htandard yfoxk.’*—Page’s Magaane. 


Ill Large Crown Sm. With 13 PkUes and many lUaetratianii in the Text. 
Handeome Cloth. 7<. 6d. net. 

THE CYANIDE PROCESS OF GOLD EXTRACTION. 

A Text-Book for the Use of Metallurgiste and Studente at 
Sohoola of Mines, do. 

By JAMES PARK, P.G.S., M.Inst.M.M., 

Yrolenor u( Mining and Dlreotor ot the Ota^ Vnlvenlt]' School of Mian i late Dirantoc 
• Thames School of Mines, and Geolc^oal Surveyor and Mining Geologist 

to the Government of New Zealand. 

roi’aTB SEGUHB EDITION. Thoroughly Revised aud Greatly Enlarged. 
With additional details oonceming the Siemena-Hslehe and other 
recent procesaea. 

** Deserve, to be ranked ae amongat the BsaT or axtaTINO TiuUTnne.''— JounuU. 


Thiku Edition, Keviaed, IfiifA Platte and lUuelratione, Cloth, 3a. 6d. 

GETTING GOLDS 

A OOLD-MIMINQ HANDBOOK FOR PRACTIOAL MEN. 

By J. 0. F. JOHNSON, P.G.S., A.I.M.E., 

Life Member Anitrataeiun Hine-Miaigare' Aaeoelatloa. 

Genshal Contents.—I ntroduotory: Froapeeting (Alluvial snd General)— 
Lode or Reef Pioapeoting—Geneaiology of Gold—Auriferona Lodea—Drifta— 
GoldExtraotian—Lixiviation—OalcinaQoii—Motor Fower and ita Tranamiasiits 
-Company Eonnation—Mining Applianoea and Methoda — Auabalasiaii 
Mining Regnlationa 

'*PaS£tTioAL from baglnuingtoend . . . daati thoroughly with the Ftoapectlng 
Sinking, Cmshlng, and Extraction ol gold."—Frit. Amtralagtsn. 


In Oroum Svo. Illuetrated. fancy Cloth Boardt. 4a. id. 

GOLD SEEKING IN SOUTH AFRICA: 

A Handbook of Hints for intending Explorers, Prospeetprs. 
and Settlers. 

By THBO KASSNER, 

Mine Msosgsr, Author of the Oeologlosl Bk^h Map of the De Km^ Gold Fleldi. 

with a Chapter on the Agrlaultural Proepeote of South Africa. 
“Aa laaelnatliig aa anything ever penned hy Jnlea Veme."-ADHeiwi OaaMwrw. 

UNDOH: CHARLES SRIFFIN S CO.. LIMITED. EXETER STREET. STRAND 




6 o 


QBARLE8 QRIFFIN A C0,*8 PUBLICATIONS, 


Large Svo. Handsome Cloth. With lUnetrationB. 

128 . 6d. net. 

METALLURGIGtL ANALYSIS &mikyiNG; 

A THRKE YEARS’ COURSE 

FOR STUDENTS OF SCHOOLS OF MINES. 

By W. A. MACLEOD, B.A, B.So., A.O.S.M. (X.Z.), 

yoruM-lv Aul.t.*Dir{Mtor, Thame. Bchuel of Hioee IN.Z.), aud Lecturar in Chemirtir, Unlnrsitr 
of TaamanlM; Director of Qtteenelaud Gorernment School of ifioea Charter. Tower. ; 

And CHAS. WALKER, F.C.S., 

Fonnerlr A.M{it.-DeiQOQBtrator Id Chemialrjr, Hrdnejr UniTcnlt/: Lecturer iu OUemifltrr 
end MoUDurry, Chertera Towm Scliool of Hiqm 

Past I. »QiutlUative Analysis and Preparation and Properties of Gases. 
Part U.—Qaalitative and Quantitative Analysis. Part III.—,^8aying, 
Teohnioal Analysis (Gas, Water, Fuels, Oils, &o.). 

“The pablicatton of this volume tends to prove that the teaching of metalliiivlca! 
analysis and assaying in Australia rests in competent hands."—,yafure. 


In Grown 8vo, BeantifoUy Illustrated with nearly 1(K) 
Miorophotograpbs of Steel, Ac. 7 b. 6 d. net. 

MICROSCOPIC ANALYSIS OF METALS. 

By FLOaiS OSMOND & J. E. STEAD, F.E.S., F.I.C. 
OoNTiNTO.— Metallography considered as a method of Assay. —Micna 
grmhio Analysis of Carbon Steels.—Preparation of Specimens.—Polishing. 
—Constituents of Steel; Ferrite; Cementite; Pearlit^ Sorbite; 'Martensite; 
Hardenite; Troostite; Austenite-Identification of Constituents.—Detailed 
Examination of Carbon Steels —Conclusions, Theoretical and Practical.— 
Apparatus employed.— Appendix. 

“There hae been no work prevlouely publUhed in Englleli calculated to tie w luefut tc 
the itndeni In metallograpmc reaearch. —Iron and HeH Tmdu’ Journal. 


In Crown Svo. Handsome cloth. With 102 lihistratiuiis. Gs. net. 

A HANDBOOK ON 

METALIelC AlelieOYS; 

Their Structure and Constitution. 

Bt gilbert H. GULLIVER, B.Sc., P.R.S.E. 

OoFTKNi^—Methods of Investigation.—Solution Theory, and the Chemical Squill 
brtuiD of Mixed Bnbatauces.—Binaiy Altos in which no Definite Chemical Cumpoundi 
ore Foymed.—Binary Alloys which Snow Evidence of the Formation of Definite Gheml<» 
Oompounds.—Equilibrium Conditions in Hetalllo Mlxtoree.—The Bronses. Brasses mi 
the Steels.—Alloys of more than two Metals.—BibUc^rapby.—IiTDBX. ' 

“ Probably the clearest aud best eqimsition of the portKm of the field with which thi 
autlior treato wUch has hitherto appeared in the Eui^lsb language."—fnpfAMr. 

rniKO SomoN. With Folding FUtea and Many lUnitrationi. R6a. 

. SSXsSBESVTTB OB' 

MESTILIaI^XJRGY. 

A PIMCTIGAL TREATI8C ON THE ART OF EXTRAGTINB METALS 
FROM THEIR ORES. 

Bt J. ARTHUR PHILLIPS, M.InsT.O.E., F.C.S., P.G.S.. Ac. 
■ _ Asp H. BAUERMAN, V.P.G.S. _ 
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Bioond Edition, Sevimil, JSnlaTged, andjie-iiet nrouglunU on Larger Page. 
With ValuMe BiUiography, Hew Maja, lUuiUratione, dtc. 4B». n««. 

•Iir VWO YOK^ITBaBM* 

A TREATISE ON 

J3y SIK BOVKRTON REDWOOD, 

D.Sc.. P.U. 8 .£., Asaoo.lNBT.O.£. F.l.C. 

C 0 NTBHTM.-^S 0 T 1 UN L: Hilitoiloal Acccfuntof thoFetroldum !i>duBtr 3 r.<» 8 ECTIOM U.: 
Geolt^cai Hiid Goompbical Distribution of Petroleum and Natural Gai,—SscTion III.: 
The Ciiemical and Physical ProiMUties of Petroleum and Natural Gas. -Siktiok IV.: 
The Oriidn of Petroleum and Natural Oos.—S kotion V.: 'ilie Production of Petroleum, 
Natural Gas, ami Oaokerlte.—HJWTION VI.: The Kebtiitm of Petroleum.—SsOTlos VII.: 
The Shale OU and Allied Industries.—H rotion VIIL: The Transport, Storage, and Dii> 
trlbutlon of Petroleum.—SECTION IX.: The Testing of Crude Petroleum, Petroleum and 
Shale OU Products, Ozokerite, and Asphalt.—S ection X.: The Uses of Petroleum and 
its Products.—S ection XI.: Statuton, Municipal, and utiier N^lations relating to 
^e Trating, Storage, TransiKirt, and tJse of Petroleum and its Pioducts.—A?!> nndicib. 
—BIBUOOBAPHI.—iNPBX. 

“It la indlsputabiy the most comoralienaiva and <»)mplete treatise on petroleum, ami this 
lUtemoit U true, no matter on whai braucii of the Industry a test of its merits is made. It is 
the only book In existence which irivtm the oil man a clear and reliable outline of the growth and 
present-day cnndlUou of the entimuetroieum world. . . . There Is a wonderfully I'ranplete 
coileotioDofplateeaudillnstratiouB. ParolfHtn World, 


Second Edition, Jievieed. WUk lUnatratiom. Price Se. 6d. net. 

A HANDBOOK ON PETROLEUM. 

FOR mPEOTORS UNDER THE PETROLEUM ACTS, 

And for those ensaged In the Storage, Transport, Dlstrlhutlon, and Industrial 
Use of Petroleum and Its Products, and of Calcium Carbide. With 
wggestlons on the Construetlon and Use of Mineral Oil Lamps. 

By captain J. H. THOMSON, 

n.M. Cblof Inipector of EzploaWea 

And sir BOVERTON REDWOOD, 

Antlior of - A Treotteo oc PetTOleuto." 

*' \ volrnno Unit will enrich the world’, potroienm literature, and render n wr.lee to the 
Brltleh braneh of the lodiutrj. . . . aolUble, ludl^ieBMble, h brlltlant ountriaiitloa”- 
PelrofeuM. _ 


In Crown 8vo. Fully Illustrated. 2s. 8d. net. 

THE LABORATORY BOOK OF MIHERAL OIL TESTIRQ. 

Bv J. A. HICKS, 

Chemist to Sir Boverton Kedwood 

Should bti on the shelves of every anaiyUeal ehomtst in practice CAmfosI Trodr •feurnal. 

In Large Crows 8vo, Cloth. Fully Illustrated 6s. set. 

O I Xd F U E Id: 

m si}VPi:.T, oourosmon, ajto appijoation. 

By SIDNEY H. NORTH, 

LATE EDITOR OF THE “raTKOLKDX BITIBW." 

OoMTBK'».~The Bourcei of Rupply.—Xcosomic Aspect of I^uid Fuel—Chemical 
Composlttou <A Fuel Oils.—OcmditfoQs of Combustion in Oil Fuel Fnrnaoai.—Earl; 
iletbodi and Experiments.—Modern Burners and Mt^hods.—Oil Fuel for Marine Pur- 
pnsea.—For Naval Purpoaei.—On LooomottTes.-^For ^fetaUurglral uid other Pnrpoeea. 
—Appendlcei. -Index. 

“sveryone interested In this important questiou will welcome Mr. North’s excellent 
tegtdipok.'’—iFature. ^ 

THE PETROlaBUfil LAMP: Its Choice and Dse. a Onida 
to tbe Safe Employment of the Paraffin Lamp. 1^ Capt. J. H. 
Thomson and Sir BotibiOn Rkdwood. Bluitrated. Is. net. 

** A work which will meet every purpoee for which B hu been written.’*-Pdfroletioi. 
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objlBlss OBirriB ^ oo.'s fvblwatiobb. 


dlriffin’s PttalltirgkEl Smts, 


STANDARD WORKS OF REFERENCE 

FOR 

NetallarKlsts, Hine-Owners, Assayen, HannfaetnreFa, 
and all interested in the development of 
the Hetallurgleal Industries. 

EDITED BT 

Sir W. ROBERTS-AUSTEN, K.C.B., D.C.L., F.R.S. 

/• Lofii 8n>, HnJiMU Clctk. WUk IlttatriMm. 


rUTHODTIOTIOir to the STTTDT of MBTAliLTOST. 

By the Editor. Sixth Edition. (See p. 63.) 

OOIiD (The Metallurgy of). By Thos. Kirks Rosk, 
D.Sc., Asioc. R.S.M., F.C.S., Chemist and Assayer of the Royal 
Mint. Fifth Edition. 21s. (See p. 63.) 

IiXAD (The Metallurgy of). By H. F. Collins, Assoc. 

R.S.M., M.Inst.M.M. Second Edition. (See p. 64.) * 

SILVER (The MetaHurgy of). By H. F. Collins, A.<t.S.M.,* 
M.InsLM.M. Second Edition. (Seep. 64.) 

IRON (The MetaUurgy of). By T. Turnkr, A.R.S.M., 
F.I.C, F.CS. Third Edition, Revised. 16 B.net. (Seep. 65.) 
STEEL (The MetaUurgy of). By F. W. Harbori , 
ASSOC.R.S.M., F.I.C., with a Section on Mechanical Treatment by 
J. W. Hall, A.M.In 8 tC.E. Third Edition. 238. net. (See 
- p. 6S-) 

ALLOYS AND THEIR lEDHSTRIAL tfSES. By Edward 
F. Law, Assoc.R.S.M. Profusely Illustrated, Just 
Published, tas. 6d. net. (See p. 64). 

AHTIMOHY (Chemistry, Mineralogy, Qeology, Metal* 
‘lurgy, &o.). By (i. Y. Wang, M.A., B.S& Just 
Published. 12s.6d.net. (Seep. 6$). 


WiU it PniHOnl Sktrt Intmalt. 

MMPALLtmOIOAL MACHIEERY t ’ the AppUcation of 
Engineering to Metallurgical Problems. By Henry Charles J ehkins, 
^STIlSc., ASSOC.R.S.M. 

COPPER (The Metallurgy of). By Thos. C. Cloud, Assoc. 
R.S.M. 

Other Volumes in Preparation. 
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aBimir'S UETALIiUIlOIOAIi SEBIE8. 


iiixTH Edition, thoionghly Revised uid considerably Enlarged. Large 
Svo, with numerous Illustrations and Micro-Fhotographic 
. Plates of different varieties of Steel 

An Introduction to the Study of 

BY 

Sir W. ROBERTS-AUSTEN, K.C.B.a D.C.L., F.R.S., A.R.S.M., 

JUue Chemiit stnd Asuiyer of the Roytl Mint, and ProfcBior of Metallurgy 
in Uie Royal Collage of &aence. 

Revised throughout by F. W. HARBORD, A.U.SaM., F.I.C. 

v^KNBRAL CoNTKMTS.— The Relation of Meutlluny to Chemutry.-^PhyBtcal Fnqierue* 
of Metals.—Allo^ The Thermal Treatment of Meu^.—Fuel and Thermal Measurements. 
—Materials and Products of Metallurgical Processes.—Furnaces.—Means of Supplying Ail 
to Furnaces.—Thermo'Chemistiy.—T^ical Metallurgical Processes.—The Micro*atrvicture 
of Metals and Alloys.—Economic Con^erations. 

“ No English text-book at all approves this in the coupletsnkes with 
which the most modem views on the subject are dealt with. Professor Austen's 
•nlumc will be invaluable, not only to the student, but also to those whose 
knnwle^ of the art is far advanced,"—CkMifru/ Nem, 


Fifth Edition, Revised, Conaiderably Enlarged, and in part Be-written. 
With Fiontiiiueoe and nnmeroni lUnstrationa. 21 e. * 

THE METALLURGY OF GOLD, 


IT 

T. KIRKE ROSE, D.Sc.Lond., ABSOO.R.S.M.. 

Ohmin^ amd Amaytr af ike Bcyai MtnL 

OBNllUL COBiaHlS.—The Properties ol Qold and Its Alloys.—ChamlitiT of the 
CotupunndB ol Gold.—Mode of Oocnrreiioe and DistribnUon of Gold.—Shallow Flacar 
Depoaita.—Deep Placer I>ep(»tts.—GnarU (Mubing In tile Stamp Battery.—Amalgam* 
atloo in the Stamp Battery.—Other Forms of Omuilng and Amalgamating Machinery. 
—CoDoentraticm In Gold Mtlls.—Dry Crashing.—Be'Biindlng.—Boasting.—Ohlorinatloa: 
The Plattner Process, The Barrel Process The Vat-Solutkm Prooeas.—^e Cyanldo 
Process.—CbemUtey of the Cyanide Frooeia.—Refining and Parting of 6<dd BalUoa. 
—Assay d Gold 0^—Aasay-d Gold Bnllira.—Statistics of Gold Rodnotbm.—Bib1lo* 
'rapby.—IXOEX. 

A uoKFiBHiiitivi monoAL iBiansi on this Important sableot."—2hi nmss. 

**The voer otmrum daseription of the oBioanrafioit roobm which has yet been pub- 
ttdMd."—if Meg /flurief. 

“Adepted ^ ell trim ure interested in the Gold Hlaing Indnetryt bdog hnm from teeo* 
nleeUtles as ter as posatUe, bat is more particularly of vahie to tiioos eagsged In the 
Mnstfr.**—CMps IMbmi. 
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0BARLB8 QRIFFIS A CO.’S PUBLIOATIONB. 


OBITFIir'S UETAIJiTmaiOAXi BBBIBB. 

Editsd bt sir W. ROBERTS-AUSTBN, K.C.B., F.ft.8., D.C.L 
In Large Svo. Handsome Cloth. With lUustraUoM. 

Second Edition, Revised Throughout and Enlarged. Illustrated. 

THE METALLURGY OF LEAD. 

Bv H. F. COLLINS, Abboo.R.S.M., 

A Complete and Exhaustive Treatise on the Manufacture of Lead, 
with Sections on Smelting and Desilverisatiou, and Chapters on the 
Assay and AiiAl3^iB of the Materials involved. 

THoaoijeHl.T bound and asofal digest. May with XVSRT OOSFIDXNOI bs 
tsoommenddd."—iffnirv Jonrnai. 


Second Edition, Revised Throughout and XMarged. Illustrated. 

THE METALLURGY OF SIL¥ER.t 

Compriung Detaila legarding the Sources end Treatment o( Silver 
Ores, together trith Desociptions of Plant, Machinery, and Processes of 
Maunfaotnre, Refining of Bullion, Cost of Working, do. 

“The anther has fuousied k unax AnoimT Of Tii,DABLX nfOBiuTiON into a 
oonvenleDt (one. . . . The author ha. evidently oonildenhle praotlcal experlenoe, 
and deuribes the various processes olearly and well“~(iininy JmmuU. 


JuBT PuauSBia). With Frontispiece in Colonrs, and Beantifnl Series 
of Photo-niiorographs. 12s. fid. net. 

L L O -y S 

AITD THBIB IKBTJSTBIAI. AFPLIOATIOITS. 

By EDWARD F. LAW, A.R.S.M. 

Col^NTS.'-Iatroductiot).'- Properties of Alloya.—Methods of Xavestlgatlotk— 
CoustitttttoQ.—Influeooe of Temperature on Properties.*—Corrosion of Alltwa— 

Alloys, Brau, BroDses.—Spedal Brasses and Bronzes.—German Silver and Ml soM lan eous 
Copper Alloys.—White Metal Alloys.—Antl'Fiiotiou Alloys.—Alumlniiua Alloys.— 
Silver and Gold Alloys.—Iron Alloys.—Miscellaneous Allt^ (Amalgams, dtc.).—I kdkx. 
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OBIFriir’S METAIXtnEtaiOAI. BBBIE8. 


raiRD Edition, Revised. With Numerous Illustrations. Large Hvo, 
Handsome Cloth. 25 s. net. 

With, Additional Chapter on The Electric Smelting of Steel. 

THE METALLURGY OF STEEL. 

By F. W. HARBORD, A8soc.R.S.M., F.I.C. 

With 37 FUtas, 280 Hlafitrationa in the Text, and nearly 100 Micro- 
Sections of Steel, and a Section on 
TUS MSCSANIOAL TJt^ATMBNT OF STBUL. 

By J. W. hall, A.M.lNaT.C.E. 

asniKiBD OoMTEirtB.—The Pleat, Maohiae^, Method! and ObemiBt^ ot the Beaiemer 
end of (he Open HMrth ProoenBee (Acid aad Baeic).—The Meobanicel Treatment of Steel 
oompiiilng Mill Praotloe, Plant and Machinery.—The Infloenoe of Metalltddi, Meat 
Treatment. Special Steele, MiorMtractore. Teatlng. and Speclflontiona. 

The Bnffiruer Mtyi, at the cooolQiion of a reriew of tliia book“ We canned conelnda without 
•arocatlT reenmmendlag all who be interested oa makers or users of steeT wfaieh pracUeally 
means the whole of the engineerlag profeulon, to make themselves acquainted with It as sueedlly 
as poaalble, and this may be the more easily done as the published price, eonsiderlDg the else 
of Oie book, is extremely moderate." 


Thirp Edition, lievised And Enlarged. With many new Fiates. 

% 16 «. net. 

THE METALLURGY OF IRON. 

Bt THOMAS TURNER, A8soc.R.S.M.. F.J.C.. 

Profeuor of Metallurgy «n ike. UnhenUy o/£irmngham. 

Oeneral CbafinM.—Btfly History of lron.->-Hodera History of Iroa—The Age of Steel. 
-Ohiet Iron 0re8.—Pr8paratl0Q of Iron Orea-^The Blast Pnrnaoe,—The Air oaed la the 
Blast Pnmaoe.—Beaonona of the Blast Fnmaoe.—The Gaseous Produoit of the BUit 
Fnmaoe —The Fuel used in the Blast Fnmaoe, - Slags and Foxes of Imn Baeltiaf.— 
Properties of (3a8t iron. — Foundry Praotioe. —Wrongbt Iron. Indirect Prodnotlon ot 
Wronght lron.->The Puddling FrooeM.»Fartber Treatmeol of Wrought Iron. ^Corrosion 
of Iron and Steel. 

**A IHOROUOHLT UBBrtJL BOOK, whicb brings the anb^ op to dais. Or 
TALDB to those engaged in the iron indnatry.*— Journal, 


*#* For Frufeaeor Turner's Lectures on Iron- founding, see page 68 


Just Fublishkd. In liarge Svo. Handsome Cloth. Fully lUuatrated. 
12 b. 6 d. net. 

ILMTIMON'IT: 

Its History, Obsmlstry, Uineralogy, Geology, Metallurgy, ^pes and 
Trepantion. Analysis, Froduotlon and Valuation. 

By C. y. WANG, M.A., E.Sc., 

Hem Am. lost Uiuing Bug.; Mem. Iron and Steel Institnte; Mining Engineer to 
the Chung Lon Genen^ Mining Company; G^(^t for the 
Hnnan Province, China, Av., dtc. 
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CBASim GRJFmS * CO.'S PUBLICATIOBB, 


Tenth Edition. With Tables and lUnstiations. Cloth, los. bd. 

A TEXT’BOOK OF ASSAILING: 

for the uee of Studente, Kino Kanagere, Aeeagare, So. 

By J. J. BERINGER, F.LC. F.C.S., * 

Public Analyit for, tad Lecturer to the Mining Auodntion of, ComwalL 

And C. BERINGER, F.C.S., 

Late Chief Assayer to the Rio Tinto Copper Company, London, 

Ginhal Contsmts. ~ PAitT I. — Inisodvctoiiy: Manipulation: Samphug ; 
Drying: Calculatios of Reiulta—Laboratory-books and Reports. Mbthods 5 Dry Gravi- 
aetnc; Wet Gravimetric—Vdumetric Asuys: Titrometnc, ColorimMiic, Guc^eine— 
WeigMng Measuring^ Reagents—Fonnulte, Equations, &c.—Specific Gravity. ^ 

Pa»t II.—M»PALsTDetection and Assay of Slliw, Gold, Platinum, Mercury Copper, 
Lead, Thallium, Bismu^ Antimony, Inm, Midcel, Cobalt, Zinc, Cad m iu m , 'Ha, Tungsten, 
Titanium, Manganese, Chromium, sc.—Earths, Alk al ie s. ^ . 

Past IIL-Nom-Mbtals; Oxygen and Oxides; Ittie Haloge^Sidphur and Sul¬ 
phates—Arsenic, PhoB^diorus, Nitrogen—Silicon, Carlxm, Boron—useful Tables. 

“A SSALLV MSBITOUOUS wosx, that may be safely depended upon either for systematie 
inslructiott «r for Terence.”—. ,. , , 

"This work is one of the bbst of its kuul. —Enginitr. 


In CroMHi 8vo. Handsome Cloth. Fully Illustrated. 38. net. 

AN INTRODUCTION TO 

PRACTICAL METALLURCtY. 

By prof. THOMAS TURNER, A.RS.M., F.I.C., 

Professor of Metallmgy In the University of Birmingham. 
CoKTi»T8.—lntroduotIon.—Sampling and Weighing.—Metals and Alloj^—OxidaUon 
and Beduetiou.—Examination of lore Cl^.—Slags and Fluxes.—Examhintlon of Fuel.— 
Iron Ores.-DetennlnatIon of Muffle TeiDpOTatureB.-Siiv©T and BIItct Assay .-Assay of 
Silver Bullion.—Assay of Silver Ores.—Gold Assay.—Assay of Gold Ores.—Pro^rtJes 
of Mercury.—Mloro^tructure of Metals.—Irou and Steel.-Kleotro-Depositlon.— 
^pendix. —lNl>£X. 

"It Is an excellent and handy book for It* purpose, and will have a far wldei- range 
of'^sefuliiess than for class work alone.”—Procftww Engineer, 


Fourth EomoN, ffevwed. WUh iVumerouf /tfiwfrafiofM. fi«, 

A TEXT-BOOK OF 

ELEMENTARY METALLURGY. 

Inolnding Author*! Pbaotzoal Labobatobt Coubsi* 

Bt a. HUMBOLDT SEXTON, F.LC., F.O.S., 

ProfiMor of HetMllnrgy in the Glasgow tnd West SootUnd Teah nl ca l Oollege, 
Gbsir^ Comtkntsl— Introduction.—PropertlM of the Metala— ConsbusWOT.—Fu^ 
—Befractolr Materials—FumacM.—Occurrence of the Metals In Nature.—Freimntion 
of the Ore for the Smelter.—Metallurgical Processea—Iron.—Steel.—Copper.—I^ii— 

7inc and Tin_ Silver.— Gold.-Merunry.—Alloya—Application* of iLBOTMiCMflr to 

Metallttigy.—L aboratory Coursr. ^ 

" Just kind of work for Students comnbxcimo the study of Metallurgy, or for SvaiMmiBO 
Students.”—PraetfeolEnpftteer. 


UJNDOK: CHARLES 6RIFFIN A CO., LIMITED, EXETER STREET, STRANQ. 
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In Large Svo. Handeome Cloth. Frioe 4 i. 

Q0A8TITATIYE METALLDR6ICAL ANALYSIS. 

TABLES FOR LABORATORY USE. 

ON THE PRINCIPLE OF "OROUP" SEPARATIONS. 

Bt.J. JAMES MORGAN, F.O.S., M.S.C.1. 

“The Author may be oouaharDLaruD on tho vay hll work haa been carried oni"— 
Ttu Snginter. 


Third Bditiok, Keviwd, Enlarged, and Be-written. 

A TREATISE ON 

ELECTRO-METALLURGY: 

Embracing the Application of EleotrolyBis to tile Flatingj Depositing, 
Smelting, ana Refining of varions Metals, and to the Repro¬ 
duction of Printing Snr&oeB and Art>Work, Ac. 

BY 

WALTER O. MCMILLAN, F.LC., F.C.S., 

hate Lecturer in Metailurgy at Maeon CUlege, Birmingham. 

Thoroughly Revised by W, R. COOPER, 

“ fbcuellent, . . e cue of the best and most cuMPLKTK manuals hitherto published 
on Eleotro-Metallu^.”—JSIectneaf Bemtee (on the Second Edition). 


% 

Second Edition, Thoroughly Revised and Enlarged. Is large 8vo. 
With Nttmerous lUastrations and Three Folding* Plates. 21 b. net. 

ELECTRIC SIELTIEG & REEmifr: 

A Practical Manual of the Extraction and Treatment 
of Metals by Electrical Methods. 

Being the “ ELEKTRO-MsiAUiDRaiE ” o{ Dr. W. BOBCHERS. 

Tranklated from the Latest Oerman Edition by WALTERS. M-MILLAN, 
F.I.C.. r.fts. 

OONTBNTa 

Part L—Aleauis ard Adealisi Earth Metair: Manesium, 
Lithium, Beryllinm, Sodium, Potassium, Caloinm, Stnmtinm, &rinm, 
the Carbides of the Alkaline Earth Metala 
Part U.—The Earth Mktals: Alnmininm, Cerinm, Lanthanum, 
Didyminm, 

Part IIL—Tbi Hiatt Mitais : Copwr, Silver, Gold, Zina and Cad¬ 
mium, Meroury, Tin, Lead, Bismuth, Antimony, Chrominm, Molybdenum, 
Tungsten, Uranium, Manganese, Iron, KickeL Cobalt, and the Platinum 
Group. 

•< coRntiBiKaiTx tud AUTHOiiTATm ... not only mt o{ TAhUASu mna. 
XATIoir, but giyw .yldsnue of a THOBOOOH INSIOHT Into the twhnloal JUXUl end 
roSBIBILlTIls of sU th. method. dlsooHoi.’ ItUetrieian. 

" D:. BOBohus' wiu-XHOWir rose . . . most or iioiseiTT ss aoduibid by 
mrr on. Intmeted In the inbjwt. EXGILI1IITI.T put Into Bnsllih with addlUonel 
sutut by Hr. U.Millai.”- Alotun. 

'■ Will be of OXIAT BIBTiak to the prutloAl men and the Student.”—Keotrio SnuMnt. 


LONDON: CHARLES QRIFFIN i CO., LIMITED EXHER STREET, STRAND. 
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OiJAHLiea As (JO.'S PUBLICATIONS. 


t 


/n Medium, Svo, Flandecme Cloth. Fully lUuetraud. 15$. liet. 

QENjERAL FOyNDRY PRACTICE: 

A Practical Handbook for Iron, Steel and Braea FouSdera, 
Metallurgiete, and Students of Metallurgy. 

A. M'WILUAM, A.R.S.M., and PERCY LONGMDIR. 


OONTSNIB.—Introduction.—Gtitieral Properties of Matter.—Uouldiug Banda.—Paciui 
Banda and Jhiclng^. — Foundry Tools. — Moulding Boxes. — Handling Material In the 
Foundry. —Open Baud Moulding.—Corea.—Elemeniair Aspects of Moulding.—Green 
Sand Moulding. -Securing Cores in Moulda—Moulding from Guides.—Bench, Oddside, 
and Plate Moulding.—Machine Moulding.—Dry Sana Moulding—Loam Moulding.— 
^111 Caating.—Casting on other Metals.—Burning.—Weighting and Binding Materials. 
—Shrinkage, Contraction, and Warping.—Dressing Caatlugs.—Common Faults due tc 
Mould and Pattern.-Malleable or wrought Iron, Steel and Malleable Cast Iron.—Cut 
Iron.—KofractoryMatoiials.—Fnels and Furnaces.—Mixing by Analysis.—Kemeltlng.- 
Worktng the Cupola.—Further Treatment ot Cast Iron.—High Temperature Measure 
ment.—Steel.—Notes ou Metals other than Iruu.—Alloys.—Mecmnlcal Testing.- 
Micrographlo Analysis.—Common Faults.—Foundry Management.—I mdkx. 

" The student of foundry work . . . needs no other text«b(wk. . . . Thel>ooli 
oont^ns a tremendous amount of Information, and is well written.”—Hnpinrerinp Timet 


h'xtra Crown 8?xi. With 48 lUmlraiimH. 3b. 6e2. net. 


LECTURES ON IRON-FOUNDING. 

By THOMAS THRN^ER, AJ.So., A.R.S.M., F.I.O., 

Professor ot Metallurgy in the Unlvenity of Binninghau.. 

COMTKFM.—Varieties Iron wid Steel.—Application of Cast Iron.—Hlstoiy.—Pro 
duetion.—Iron Ores.—Composition.—The Blast Furnace.—Materials.—Reactions.- 
Grading Pig Iron. — Carbon. Silicon, Sulphur, Phosphorus, Manganese. Aluminium 
Arsenic, Copper, and TItanInm.—llie Foundiy.—General Arrangomenl.—Be*me]tiD| 
Cast Iron. — I'he Cupola. — Fuel Used. — Changes due to Be-roelting. — Moulds am 
Moulding.—Foundry Ladle8.~PourinK wd Pouring Temperature. —Ccunmon Troulms.- 
Influence of Shape and Size on Stren^h of Castings.—Tests. 

Zronfoundei's will And much Information In the book.*'—/ron TVode Cireulai 
Hj/tund'e). __ 


In Lart/e‘4i0r Library Style. Beautifully fUwtrnted with SO Platee^ manj 
in Colour$y and 9^ Figures in the I'ext. £2, 2b. net. 

PREICIOIJS STONES: 

TheiP Ppopeptles, Ooouppenoes, and Uses. 

A Treatise for Dealere, Hanufaeturere, Jeuiellera, and for all 
Collectors and othere Intereeted in Seme. 

By Db. max BAUER, of the Ustivkhsity of Marburg. 

Translated bt L. J. SPENCER, M.A. (Cantab.), P.Q.S. 

** 'I'he plates are remarkable for their beauty, delicacy, and tmthfulness. A glance a 
* them alone i^ a lesson ou precious stones, whilst the perusal of the work itself shoal: 

add a new Interest to any casket of Jewels or cabinet of gems, or even to a Jewellers 
. window."—AtAen<ettm. 


In Large Onan Svo. With Numerous lUustrations. St. Sd. 

bTHE ART OF THE GOLDSMITH AND JEMLER 

A Manual on the Manipnlation of Qold and the 
« Mannfaoture of Personal Ornaments. 

By TH08. B. WIGLEY, 

Beadmaater ot the Jewellers end Silvemnltiu' Aesoe. Tech. Sdiool, BUrmlngham. 

Abbibtbd bt J. H. STAKSBIE, B.So. (Lorn). F.LO.» 

_Lectarer at the Birmingham Manio^ Teohnleel School._ 


lONDQN: CHARLES GRIFFIN S GO.. LIMITED. EXETER STREET. STRAND 





CMffln’t Chemioal ami Tairiinoli^oal PHblloatloaa. 


Isopganie Chemistry,. 


PKOKM. DurKV AMD HAKK, 

PAUB 

. 70 

Analysis,. 


Paor. HoxBoiDT Sxxios, 

. 70 

Chemical Engiflaaring, 


DK. J. ^KOiieUANN. . 

. 46 

CbemiBtry,. 


RIsOUKT ahi> Bloxah, 

46, 71 

Foods and Poisons, 


A. WVNTEE BlYTH, . 

. 72 

l^blos fop Chemists. . 


Prop. Ca8TKLL*E\'Ans, 

. 71 

Dairy Chemistry, Ac., 


H. a Bio0]fOMi>, 

. 78 

auk. 


E. V. WawTOHBy, . 

. 73 

Agrleultural Chemistry, . 


H. imK,. 

. 78 

Flesh Foods. ... 


C. MlTOHKLI. 

. 72 

Practical Sanitation, . 


oa. 0. BBU), . 

. 78 

Sanitary Engineering, 


K. Wood,. 

. 78 

Sewage Treatment, . 


Dunbar and calvskt, . 

. 76 

Lessons on Sanitation, 


.1. W. HARRISUN, 

. 78 

Teehniea) Mycology, . 


L.APAR AND SALTBK, 

. 74 

Soil Bacteria.. 


J. Clark,. 

. 78 

Ferments; and Toxines, . 


r. OPPKNUEIMKR, . 

. 74 

Brewing,. 


i»r. w. j. SYKNS, . 

. 7fi 

Trades’ Waste. 


W. Naylor, 

. 76 

Smoke Abatement, 


Wm. Nicholson, ■ . . . 

. 76 

Cements,. 


G. R, Rrdoravk, 

. 76 

Handbook for Cement Works’ Chemists, 

K B. Oatkrousk, 

. 76 

Clayworkers’ Handbook, . 



. 7i 

Peat. 


Bjiiauso Axi) Gissiso. . 

. 75 

^CoRiinercial Peat. 


y. T. gissino, . 

. 76 

*Watep Supply. 


&. £. Middleton, . 

. 77 

* Road ftiking,... 


THOH. AlTKRN, .... 

. 79 

Gas Hannfitcture,. 


W. Atkinson Buttbkfikli*, . 

. 77 

Acetylene,. 


Lends and Buttshfirld, 

. 77 

Fire and Explosion Bisks,. 


Dr. SCHWARTZ, .... 

. 77 

Petroleum. 


8m Botekton Redwood, . 

. 61 

-(Handbook). 


Thohsos asd Eedwood, . * 

. 61 

Ink Manufacture. 


MITOHELL AND HEPWOBTH, . 

. 81 

Paper Technology, 


R. W. SINDALI,.... 

. 76 

Glue, Gelatine, &c., . 


TUOS. LAMBERT, 

. 81 

Leather Trades Chemistry, 


s. B. Tkotkan, .... 

. SI 

Oils, Soaps, Candles, . 


WRIQHT and MlTOHEU, . 

. 71 

Luhrloatlon and Lubricants, . 


Arorbvtt and Drslny, . 

. 82 

India Rubber,. 


Dr. Carl 0. Webkr. 

. 81 

Rubber Goods Manufacture, . 


HxiL Ann FsoH. 

. 81 

Enamelling^on Iron and Steel, 


J. GkUNWAU), .... 

. 70 

Colonr Manufacture, . 


Knita, BoBxnt'AMp, mayxb, . 

. 80 

Painters' Colours, Oils, Itc., . 


G. H. Hurst. 

. 80 

Painters’ Laboratory Guide, . 


„ „ .... 

. 80 

Painting and Deeorating, ■ 


W. J. PXAKOK, .... 

. 80 

Manual of Dyeing, 


Knpoht and Ravson, . 

. 82 

Oleticnary of Dyes, , 


Bav s>N AND Gardner, . 

. 62 

The Synthetle Dyestuffs, . 


Cain and Tborpe, . 

. 82 

Spinning,. 


H. R. Carter, ... 4^ 

. 83 

Cotton Weavers’ Handbook, , 


H. E HmiK, .... 

. 83 

Textile Printing, .... 


saraoDR Rurawntn, 

. 88 

TatUe Fibres of Commerce, . 


W. L HAaSAX,.... 

. 68 

Dyeing and Clenning,. 


F. J. Fakeku. 

. 84 

Bleaching, Calico-Printing, . 


0X0. Dtrann. 

. 84 
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OHARCm ORIFFIN A CO.’S PUBLICATIONS. 


Thikd Edition, Kevued, Enlarged, and Re-issued. Price 6s. net. 

A SHORT UANXTAL 07 • 

INORGANIC CHEMISTRY. 

By a. DUPR^, Ph.D., F.R.S., . 

And WILSON HAKE, PhD., F.I.O., F.C.S., 

Of the Weetmiatter Hospital Medici School 
' AN mXAMPLS or THE AOVANTAOBS OF THE SVSTBKATIC TbBATKBNT of A SCMDCe 
over the fragmentary ttyle so geaeratly foilowKl Bv a long wav ths ssar of the small 
Maouals for Stu(lenta.''->^«afrf/. 


Iq Handsome Cloth. With nearly 50 Illustrations. Ss. 6d. net.. 

THE ELEMENTS OF CHEMICAL ENGiNEERINC. 

By J. GBOSSMANN, M.A., Ph.D., P.I.C. 

WITH A PRBFAOB BT 

SiK WILLIAM RAMSAY, K.C.B., P.R.S. 

COSTBKW.— The Beaker and Its Technical Bqulvalonte.—Distilling Flasks, Liebig’s 
Condensers.— Fractionating Ftibee and their Technical Equlvalento.—Tbe Alr>]teth and 
its recbnical Bqulvalents.—The Blowpipe and Crucible «id their Technltml Bqulvaieuts. 
—The Steam Boiler and other Sources of Power.—General Eemarka on the Application 
of Heat In Chemical Engineering.—The Funnel and Its Technical Bquivalento.-The 
Mortar and its Technical Bqnlvalents.—MeuiurUig InstrumenUi and their Technical ■ 
Eauivalents.—Materials Used In Chemical Engineering and their Mode of Appl^tlou.— , 
Technical Eosearch and the Designing of Plant.—Conclusion.—Chemicals and Materials. 
-IHDSX. 

“ Excellent. . • • Ever/ student of chemistry attending a technical oonne should 
obtain a copy. '—Chevtveal Astro. 


LABOBATOSY HANDBOOKS BT A HUMBOLDT SEXTON, 

PrsfMur «(UaWlnrgjr In the Slugow .wt Wut of Sootluid T«h>ilo.l Oolla,.. 

OUTLINES OF QUANTITATIVE ANALYSIS. 

FOR TBS USB OF STUDBST3. 

With niaftntioiu. Fiyth Edition. Ctowd 8to, Cloth, Si. 

“ k anatxtt i..bobixort oumi for begtamm «u wutod, ud tin mnt hu 
bm WDU. lOWUBD. ... A good aud moful book.’’—ioBot 

OUTLINES OF QUALITATIVE ANALYSIS. 

FOB TBS USB OF 8TUDSBTS. 

• With lUnitnttoni. Fooeih Edition, Reyiaed. Oown Svo, Cloth, .1i. 6d. 
“ Tho work d s tbonmgld}’ prwtioid chemut.”—BriNlA Jfedieal Jovmd. 

•• Odkpiltd with groM onto, ud will mpplj i Nut.”—/ottmol 0/ tUueaUon. 

ELEMENTARY METALLURGY: 

(nolndlng the AnthoPi Fnotioal L»boi»tory Oonree. 

[Sm p» 06. 

tOHDON: CHARLES SRIFFIN S CO.. LIMITED, EXETER STREET. STRANEb 
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In Two Voh., Large 8vo. With llluitrationB. Sold Separately, 

CHEMISTRY FOR ENGINEERS 
AND MANUFACTURERS. 

BY 

BBETKAM BLOUNT, & A. G. BLOXAM, F.I.O. 

VOLUME L'-Chemfstpy of Ensrineertng’, Building, and Metallupgy.— 

ConteAiR-lwTRdDUCTlON.-Chemlstry of the Chief Materials of Oourtruotion.- 
^iiraoB of Energy.—Chemlsti? of Hteani'iiiisiug.—Cheroisfry of Lubrication and 
Lubritanta.- Metallurgical Processes used in the Winning and Manufacturi' of 
Metals. Price 10s. 6d. 

VOLUME 11.—The Cbemlstpy of Manufacturing ProeesMS.—General ContonfM.- 
hulphttric Acid Manufactnro.-Alkali, &c. — Dostmetive DistUlatiou. —ArtiHclal 
Mtuiurc.—Feti-oleura.-Lime and Cement—Clay and Glass.—Sugar and Staruh.- 
Brei^ngand Distilling.—Oils, Besin^ and Vaml!tiies.-*-Soap and Candles.—Textiles 
and Bleacliing.—Colouring Matters, I^eing aud Printing,—Paper and I^steboard.- 
Pigments and Paints.—Leatlior, Glue, and Size.—Explosive and Matches.—Mmoi- 
Manufactures. Second BmnoH.Tlioroughlyitevisod. Illustrated. 16s. 


Second Edition. In Large 8vo. Handsome Cloth. With 8oo pages 
and 154 Illustrations. 25s. net. 

. OILS, FATS, BUTTERS, AND WAXES: 

WBIR mSPARATIOM AND PROPERTIES, AND MANUFACTURE THERE¬ 
FROM OF CANDLES, SOAPS, AND OTHER PRODUCTS. 

By C. R. alder WRIGHT, D.Sc., F.R.S., 

Late Lectum on Chemistry, St. Mary's Hosiutal Mescal School: Examine* 
in ** Soap " to the City and Guilds of London Institute. 

Thoroughly Revised, Enlarged, and in Fart Rewritten 

By C. AINSWORTH MITCHELL. B.A., F.I.C., F.C.S. 

'‘Will be found AmtOLUTXLV inosj>knsabl.b. TAs 

'*WiU rank as the STAMOAkn English aothoeitv on Oils and Fats for uiai.> 
l^ars to come. and / ran . 


In Two Volumes^ Half Morocco, each complete m itself 

PHYSICO-CHEMICAL TABLES 

For the Use of Analysts, Physiolsts, Chemioal Manufaoturera and 
Scientific Chemists. 

Volune 1 .—Chemical Engineering, Physical Chemistry. 24 s. net. 
Volume II.—Chemical Physics, Pure and Ana^cal Chemistry. 

[SuirUy. 

By JOHN CASTELL-EVANS, F.t.C, F.CS., 

Leeturer on Inoi^^c Chemistry and Metallurgy at tho Flnsbuiy Technical Cdlege. 

The Work Miapr^nds at for as possible all uolbI and TABLas required by the 
Aaalyit, Brewer, DistiUer, Add* and Alkali-Mmiufocturer, Ac., &c.: and alio the prin¬ 
cipal data in THSKMO^^KBursTKy, ELBCTso*CxsMiSTKy, and the various branches ol 
CKSMiCAt pKyaica. Brery poeiible care hu been taken to ensure perfect i^eurafiy, and 
to Indude the results of the most recant invotfigatioas. 

UNDOK: CHARU8 BRiFFiS i C0„ LIMITED, EXETER STREET, SIIURk 
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Sixth Editios, Thoroughly Kevised. Fully Illustrated. 

FOODS: THEIR COMPOSITIOH AND ANALYSIS. 

Bt a. WYNTER BLYTH, M.R.C.S., F.I.C., F.O.S., 

B«rrl8terHit-Law, Public Analyct for the Coanty of Devon, and 
Uedloal Offloer of Health (or St Marylebone. 

and M. WYNTER BLYTH, B.A., B.Sc., F.C.S. 


GKMKRAL History of Adulteration.—I.e^iattou.->ApparatuH.—*'Ash."-' 

Sugar.—Confectionery.—Ilonoy.—Treacle.—Jams and Prewirvod Jfruit8.—8tarcheB.— 
Wheateu*Flour.—Bread.—Oats.—Barley.—Bye.—Bice.—Maize.—Millet-Potatoes.— 
Peas.“Iientita.—Beans—Mllk.~Creiun.—Butter.—Oleo-Marffarine.—Cheese.—Lard.— 
Tea.—Coffee.—Cocoa and Chooolate.—Aleohol.—Brandy.—Bum.—WhiBky.—Gin.— 
Arrack.—LlQueun.—Alwintije.—Yeast.—Beer.—Wine.—Vinegar.—Lemon and Lime 
Juice.—Mustard.—Popiier.—Sweet and Bitter Almonds.—Annatta—Oilve Oil.—W»t«r 
AntOysis.—Appendix: Adulteration Acts, Ac. 

A new edition of Mr. Wsmter Blyth'i Standsrd work, uoiobid with au. thb anesvT 
DiaooTUunu aim mPBOvurgim, will be accepted as a boon.’ —CAemieaf JlfeiM. 


Foubtu Edition, Thoroughly Reviaed. In Large 8vo, Cloth, with 
Tables and Ulostrations. 218 . net. 

POISONS : THEIR EFFECTS AND DETE&TION: 

Bt a. WYNTER BLYTH, M.B.C.S., F.LO., F.O.S., 

BarristerMit>XAW, Public Analyst for the County of Dotod, and 
Medical Officer of Health for St Marylebone. 

OBNKRAL OoHTBMTN.—I.—Historical Introduction. Il.-Ciasaiiioatioii—Statistios- 
Connectlon between Toxic Action and Chemical Competition—Life Tests—General 
Method of Procedure—Tine Spectroscope—Examination of Blood and Blood Staina 
Xn.— I^^ious Oases. lY.— Acids and Alkalira. V.—More or less Volatile Poisonous 
..^ttbatonces. VI.—Alkaloids and Poisonous Vraetable Prinotoles. VIL—Poisons derlrad 
freon Liviim or Dead Animal Substances. VIIL—The Oxalic Add Group. IX.— 
Inoi^nlo Poisona Appendix; Treatment, by Antidotes or otherwise, of Cases of 
^tooning. 

'* Pndoabtedly f Bl most ooxriiXTa woxx on Toxicology In our laiigQafn.''-~2%c 
As a naonOAL ooioi, we know xo birm worit”—3 Lancet (on the Third ISikumi 


Crown 8vo, Handsome Cloth. Fully Illustrated, los. 6d 

FLESH FOODS: 

With Methods for their Chemical, liioroscoplcal, and Baotnlo- 
logical ExaminaUon. 

A Praatiml Handbook for Hedieal Ben, Analyste, Inepeetoraandotimi, 

By C. AINSWORTH MITCHELL, B.A., F.I.C., F.C.& 

" A compflsHcP which wSi be most nteiul for tlu elsu for whom It is tntended.*-.v«8 « w a i>i a . 

. tONDON: CHARLES eRIFFIN « GO.. LIMITED. EXETER STREH. STRAND- 
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Seconu Koition. With Numerous Tables, Fully Illustrated. 

DAIRY CHEMISTRY 

FOB DAIBI MANAOEBS, CHEMISTS, AND ANALYSTS 
A Practical Handbook for Dairy Chemists and others 
having Controi of Dairies. 

By H. DROOP RICHMOND, F.I.C., 

CHBMINT TO THE AYLESBURY DAIRY COMPANY. 

ConUnis.—l. Introductory.—The Constituents of Milk. II. The Analysis ol 
Milk. III. Normal Milk: its Adulterations and Alterations, and their Detection. 
IV The Chemical Control of the Dairy. V, Biologicsd and Unitary Matters, 
VI. Butter. VII. Other Milk Products. VIII. The Milk oi Mammals other 
than the Cow.—Appendices.—Tables.—Index. 

. In our opinion the book is the BEST COMTXIBUTION ON THE SUBJECT THAT 
HAS YET APPBABKD ill the Englbh (on the Firhi Edition). 


Fully Illustrated. With Photographs of Various Breeds of Cattle, &o, 
6s. net, 

MILK: ITS PRODUCTION & USES. 

With Chapters on Daln/ Farming, The Dieeasea of Cattie, and on the 
Hygiene and Control of Suppllee. 

• By EDWARD f. WILLOUGHBY, 

• ^ M.D. (loud.), D.F.H.(Iond. and Cunb.). 

“We emdtally reeommeud it to everyone who haa anythtiig at all to do with milk."— 
Dmni 'Worn. _^ 

In Crown 8vo, Fully Illustrated. 2 s. 6d. net. , 

THE ZABOBATOBT BOOS OF 

DAIRY ANALYSIS. 

Bv a. DROOP RICHMOND. F.LC., 

Analyst to the Aylesbury Dairy Co., Ltd. 

‘‘ Without doubt the best contribution to the literature of its subject that has ever be«i 
written.**— Titiut. 

In Large Crown 8vo. Cloth. Fully lUuatratod. 4 a. 6d. net. 

UNTUT AemCDLTDRAl CHEMISTRY. 

By HERBERT INGLE, B.Sc., P.I.C., F.C.a 

CoNlKNirs.—Introduction.—The Atmosphere.—Tlu. SoD.—Katund Waters.—Dte 
Plant.—irMure8.-0rope.—The Animal.—Poods end Koodlng.—The Dairy.—Miscel¬ 
laneous.—Innax. 


At F&ess. lu Crown 8vo. Handsome Cbth. lUtuitarated. 



By JAMES CLARK, M.A., D.Sc., A.R.O.S., 

. Frinolpal of the Academy, XUmamock. 


WMDOM; CHARLES SRlFflH « CO., LllllTEO, EXETER STREET, STRAW?. 
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la Large 8vo. Headsome Cloth. 

A6RIC0LTDRAL CHEMISTRY AND ANALYSIS: 

A PMOTIOAL HANDBOOK FOB THE USE OF AOBICULWRAL STUDENTS, 

Bj J. M. H. MUNRO, D.So., P.I.O., y.C.S., 

ProfBtaor of 0b6mi8ti7, Duwnton CoUege of Agrlcultora. 

_ [In pTtpeatation. 


In Large 8vo. Complete in Two Voiames. 

Each Volume Comply t» Usdft and Sold Separately. 

TECHNICAL MYCOLOGY: 

The Utilisation of Itioro-organiams in the Arts and Uanufacturea. 

By Db. FEANZ LAFAR, 

ProL of Fermeoution-Physlologr Mid Bacteriology In the Technical High Behoof, Vienna 
TRAHiUtATEl) BY CUAELES T. C. 8ALTKU. 


VoL L-8CH1Z0MY0BTIC FERMENTATION. 
VoL II.-BUMYCBT1C FBRUBNTATION. 


Note.—P art 1. of Yol. 11. wae iasnod soparntely at 7a. 8(i. Cupica of Part H., 
Vol. IL| hare, therefore, bcou bound up to enable those jioasesBlng Pait I. to complete 
tUeir copies. 

“The drat work of the kind which can la; claim to oompleteneaB In the treatment of 
«/aadnatlng aabjeot, The plan Is admirable, the olaselfloanou simple, the style li good, 
and the tendenoy of the whole volume is to convey sure information to the reader."— 
LmMt, __ 

Crown 8vo, Handsome Cloth. *Wlth Diagran^. 78 . 6d. 4 Jet. 
[Companion Volume to "FERMENTS," by the same Author.] 

TOXINES AND ANTITOXINES. 

By OARL OPPENHEIMER, Ph.D., M.D., 

Of the ]Riy8lolo^cal Institute at Erlangen. 

Translated from the German by 

* 0. AINSWORTH MITCHELL, B.A., F.I.C., F.C,S. 

With Notes, and Additions by the Author, tinoe the publication of the German Edition. 

*'PoT weidth of detail, we have no small work on Toxlnes which eqnals the one' 
under roTlow.”—Jfedicof Tima 


In Crown 8vo, Handsome Cloth. Price 78 . 6d. net. 

FERMENTS: AND THEIR ACTIONS. 

4 Text'4>ook on the Ohemiatry and Phyoioa of Fermentative Changea,. 

By carl OPPENHEIMER, Ph.D., M.D. 

Translated by C. AINSWORTH MITCHELL, B.A., FXC., F.C.S. 

, ABUneop ComiTB.—Introduction.—DellDltion.-<7hemleal Nature of Fermente.-. 
Inflnenoe of External Facton.—Mode of Action.—Pl^iiologloal Action.—Beoretlon.— 
lmpdb.AiMe of Fermenti to Vital Action.—Froteolytio FennenU. —Trypato.—Baoter^rijtic - 
sM SMUOlyUo Ferments.—Vegebfcble Ferments.—Coagulating FermenU.—Baoobanfiitig'' 
ferments.—IHaita8ei.—Poly8ao6haridee.—Bnzymes. —Ferments whid^ deoempMe- 
(Hmxjeldei.—Hydrolytlo Ferments.—Laotio Add Fermentation.—Aloohdie Fkmienta. 
Uou.—Biology of AloohoUo Fermentation.—Oxydases.—Oxidising Fetmmitctkm.—I^U- 
ograpl^.—Ixniz. 

**8aoha?erltabia malfum fa porno has never yet appeared."—FnnAn’yoefMl. ' 

IQNDON: CHARLES SRIFFIN & GO.. LIMITED. EXETER STREET, STRAW 
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Thikd Kdition. In Handsome Cloth. Fully Illustrated. 21 b. net. 

PRINCIPLES AND PRACTICE OF BREWING. 

FOR THE USE OF STUDENTS AND PRACTICAL MEN. 

By WALTER J. SYKES. 

Rbvised by ARTHUR R. LING, F.I.C., F.C.S., 

* Editor ol the Joamal of the Iiietltute of Brewing. 

OourBNTS. -Pliyelcsl Prlnclplee Involved. —The Chemistry of Brewing.—The 
Mlcroseope.-Vegetable Biology. —Fermentation.-Water.—Barley and Mating.— 
Arrangement of Brewery Plant.^uBntltie8 of Materials.—Fermentation.—Antiseptics. 
-Finings.—Characteristics of Beer.—Diseases of Beer.—ISOBX. 

“ A thorough juid comprehensive text'hook . . . up-to.date ... a standard 
text*ljook.”—Bicicers’ Jmrmtl. 


In Crown 8vo. Baudsome Cloth. Fully Illustrated. Os. net. 

PEAT: Its Use and Manufacture. 

By PHILIP R. BJORLING, Consulting Hyaraulic Engineer, 

AND FREDERICK T. GISSING. 


OsiiSttAi. 0()5T8ifT8.-Iutr«)doctlon.-Tbe 
Prlodual OountrieH.- Maonfuctun' of Peat ** ael, Ac.—(^t Peat, Dwdjpjd Pwt, and 
Peat.—Uachlnory employed In the Manufacture of PeatF^el.-^eat 

employed Id its Manufacturo.-Peat Charcoal and Ite Manufacture “‘Costof maklMpeat WelMd 
Charcoal.—Other Productlone drrlTcd from Peat, Boch as Tar, Manure, Candles, I^ea, Paper, Ac. 
—BiBiiooajirBT.—INPSX. 

“The treatment throughout la clear and intercirtliig . . . excellent plates. 


'^'uuijiftnlon Volume to the uImivo. In Crown 8vo> Handsome Cloth. Fully Illiiatrated, 

• ^COMMERCIAL PEAT: 


ItB Uaea and Its PosalbUltles. 

By K. T. GISSING, 


Joint Author with P. B. BjiinuNo of “Pent: Its Pse niid Manufacture." 


In Medium 8vo, Handsome Cloth. Fully Illustrated. 12s. 6d. net. 

PAPER TECHNOLOGYs 

AN ELEMENTARY MANUAL ON THE MANUFACTURE, PHYSICAL QUALITIES, 
AND CHEMICAL CONSTITUENTS OF PAPER AND OP 
PAFBRHAKING FIBRES. 

With Selected Tables for Stationers, Fubllsbers, and Others. 

By R. W. SINDALL, F.C.S. 

Exceedingly inatructive and particularly useful ."—flfakers Monthtj/JaurnmU 


in Crown Svo. Handsome Cloth. With 30 Illustratioiu. Ss. net. 

THE CLAYWORKER’S HANDBOOK. 

An Efltomt of t*» MattrMt and Mothodo omnloeoil In Brichmklni and Pottort- 
By rsra AniBoa or “THE OHENtlSTEY OF OLAYWOESTHO^,* Aa 

GiBBUIi OONOim 

Water, Fuel 

WeathtHujr. „ 5 -, 

Traniport.—£llVa.-^ilDe.—Dleehai^ — 

and tVaite.— Teita. Analyala and Crntrol.— BiBUOoaarHr.—Taauu.* Inmx. 

^‘We can thoroushly recommend thle handy little book to all our peaderi."—ilr<e* am 
PoUeryTrtut es'Jowrnal. • • • 

lOIDON; CHARLES SRIFFIH ft CO., LIMITED. EXETER STREET, STRMW 





76 


CiHARLm ORIFFIN A OO.'S PUBLJCAT 10 S 8 . 


In Large 8ro. Cloth. With HI Illuetratione. ISe. net. 

A MAlTDAl. 07 , 

THE PRINCIPLES OF SEWAGE TREATMENT. 

Bv Prof. DUNBAE, 

. Director of the Institute of State Hj^ene, Hamburg.^ 

English Edition by HAREY T. CALVERT, M.8c., Ph.D., F.I.C., 
Chief Chemical Aselstant, West Elding of Vorkshire Eivers Board. 
CoNTBNTS.—Growth of Elver Pollution.—Legal MeasuvcB taken by Central and Local 
Authorities.—and Development of Methods of Bewail Treatment.—Earlier Vlea^ 
on Methods of Treatment.—Characteristics of Sewage. -Objects of Purlllcatlon Worka 
—Methods for the Eemovul of Suspended Matters.—For the Eemoval of Putrescibllity.— 
Disinfection.—Supervision and Inspection oT Works.—Utility and Cost.—iNTHiX. 


BetKUiffdiy JUwtratedt with Numerous Plates^ DiayrauM^ txud 
Figwres in the Text. tU. net, 

T R A D E S’ WASTE: 

ITS TBEATMBITT AND DTHiISATION. 

Handbook tor Borough EngIneeFB, Surveyors, Arehlteots, and Analysts. 

By W. NAYLOR, P.O.S., A.M.IuBT.C.fl., 

Chief Inspector of Rivers, RlUile Joint Coinmittee. 

" i'hara it probably no person In England to-day better dtied to deal rationally with 
•iMsh a sabjeot.*’—EritfiA NanGar^an, 


In Handsome Cloth. With 59 Illustrations. 6 b. not. C’ 

SMOKE ABATKMKK’S*. ° 

A Katiual for the Use of Kanufaoturere, Inspectors, Kedical Officers of^ 
Health, Engineers, and Others. 

By william NICHOLSON, 

Chief Smoke Inspector to the Sheffield Corporation. 

“We welcome such an adequate statement on an important subject.’— 

Jfsdi^ JowruU. __ 


SacoNO Edition. In Medium Svo. Thoroug^ily Revised and Re-Written. 
' 15s. net. 

CALCAREOUS CEMENTS: 

THEIR NATURE, PREPARATION. AND USER. 

VFfttla •oa>a« XteneaAvlui w.i»oi& C«a9ta«kmLt V#flittxa|(* 

By GILBERT R. REDGRAVE, A^c. Inst. C.R, 

Assistant Secretary for Technology, Board of EdticaUon, South Kensington, 

And CHARLES SPACKMAN, F.C.S. ■ , 

We thoroi^hly recommend it as a first-class investment,”—Pfwcf&'a/ Aagrmrr. 


In Handsome Cloth. • 5s. net. 

A HANDBOOK FOR CEMENT WORKS’ CHEMISTS. 

• By frank B. gatehouse, F.C.S. ■ 

Obnkkal CoNT«m.—Introduction.—Chemicals and Appjttatitt.--Books.—^•hi^ aad 
Cricularic^ of Raw Materials.—Analysis of Fuel, Kiln Gases, Lubneants and water.— 
Cement Analysis.—^y3rpstun, Piaster, &c., Burnt Lime.—AppENOicks.—iKoax. 

••WIUbeefgrestoscinCtfaj«itW«ks.’*-.<»rA^. ^ ^ 

“Coadse . * . excellent . . . a uwful addition i*. Cement Littreture.’*-_• 

CONDOM: CHARLES 0RIFFIH * no.. LIMITED, EXETER STREET, RTSARR 



OBEMISTRY AND TBOHNOLOQY. 


?7 


■" -—-—— 

With Four Folding Plates and Numerous lilnstrations. I^arge 8to. 

8b. 6d. net. 

WATER SUPPElTs 

A Pnotioal Tmtite on the Selection of Sources and the OtstHbutloa of WaUr, 

Br KEGINALD K. MIDBLETON, M.lNaT.C.E.> M.In8T.Mkoh.E., F.8.I. 

ABEmaai) Ck>HTKHTS.>-lQtrodtictoi7.—Keoulremento w to Quallty.->&e(miremeDtB 
at to (^antit^.—Stora^ Reaorvoirs.—Purifloatlon.-^rvice Keserroin.-'^e Flow 
of Water through Pipes. — Distributing Sjretemi. ~ Pumping Machines. — Special 
Bequlrements. 

*'As a companion for the student, and a constant reference for the technical man, we 
anUelpate it will take an important position on the bookshelf.”—Proetteaf Engineer. 


In Large Crown 8vo. Fully lllustmted. In Two Volumea. 

VoLums 1. Fourth Edition. Price 7s. 6CI. net. 

M II. Third Edition. Ready Shortly. 

THE CHEMISTRY OF 

OILS MANUFACTURE: 

4 Hand-Book on the Production, Purifioaiion, and Tenting of liiuminatlng 
Boo, and the Assay of the Bye-Produots of Oae Hanufacturs, 

By W. J. ATKINSOK BUTTERFIELD, M.A., F.I.O., F.O.S., 

Fnrnierir Head Chemist, Qas Worki, Beckton, London. E. 

“ The BXST WOBK of ite kind whioh we have ever had the pleaanre of »• 
viewing."—Joumof of Oas LighMny. 


With Diagrams and lUnstratione. Se. net, 

^ JLCC: T YliSNms 

TSi: PKINOIFLSS 0? ITS QENEIIATION AKD TTBE. 

Br F. H. LEED8, F.I.C., F.C.S., 

Member of the Society of Public Analysto and of the Acetylene Amu^ation; 
Ajm W. J. ATKINSON BUTTERFIELD, M.A., F.LO., P.C.S., 
Oonsulting Chemist, Author of “The Chemistry of Gas Manufacture.” 

' ‘ Brimful of information.”—CAem. Trade Journal, 

“ We can tburougbiy recommend the book to the manufacturer as a reliable work 
of reference, to the user as supplying valuable hints on apparatus and methods rt 
prooedure, and to tlie student as a safe and certain guide.”— 


Large 8vo. Handsome Cloth. Price Ids. net. 

FIRE AND EXPLOSION RISKS: 

A Handbook of the Detection, Inoeetigation, and Preoentlon of Fires and Explostons. 

By Dr. VON SCHWARTZ. 

Translated from the Kevised German Edition 
By C. T. C. SALTER. 

ABBunaiui General Oomtints.— Fires and Explosions of a General Character — 
Dangers arising frmn Sources of I4ght and Heat.—Dangerous Gases.—!Uda Attendlna 
Spedal lodosWiet. —Materials Employed. — J^ioultural Products.—Fats. Otis, and 
Resina.—Mineral Olhi and Tar.—Alcohol, Ac.-^etidB, Oxides, Adds, Ao.—Ughining 
Ignition Appliances, BIreworks. . ' 

“The wofk affords a wealth of information on the chemistry of lire and Undred 
topica.”—Fins atuf Wat^. . 

“ A oomplete and useful survey a sul^ect of wide Interest and vital importance.”— 
OE and CMOttrman’i Journal. 


LONDON: CHARLES GRIFFIN & CO.. LIMITED, EXETER STREET, 8TRANS. 
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UHAKL/SS OKIFFIN * CO.'S PUBUOjlTlOSB. 


Fourteenth Edition, Thoroughly Revised. The Appendix on Sanitarj 
Law being Entirely Re-Written for this Edition. Price 65. 

PRACTICAL SANITATION: 

A HAND-BOOK FOR SANITARY INSPECTORS AND OTHER 
INTERESTED IN SANITATION. 

By GEORGE REID, M.D., D.P.H.’, 

M*m. Council, and Examiners Samitary ImHtute of Groat Britain, 
and Mtdkai Officer to the Siaffordtfdri County Council. 

HDlitb an appenbfi on Santtarc law. 

By HERBERT MANLEY, M.A., M.B., D.P.H., 

Barrister^t-Law. 

Gknkxal Contents.— Introdxiction. —Water Supply: Driuking Water, Pollution 
Water.—Ventilation and Warming.—PrincipleB of Sewage Kemoval.—Details of Drainag 
Refuse Removal and Disposal.—Sanitary and Insanitary Work and Amliances.—Details 
Plumbers'Work.—House Construction.—Infection and Disinfection.—Food, Inspection c 
Characteristics of Good Meat; Meat, Milk, Fish, &c., unfit for Human Food.—Appendi 
Satutary law; Model Bye*Laws, I'v' c. 

*' A VBRVUSKPUI. Handbook, with a very useful Appendix. We recoumieud it cot onlytoSANITAI 
.IN.SPBCTORS. Iwt to Householders and all inturested in Sanitary Matters.'— Record. 


In Handsome Cloth. With 53 Illustrations. 3s. 6d. net. 

LESSONS ON SANITATION 

By JOHN WM. HARRISON, M.R.San.I., 

Mem. .ncor. Ai»oc. Mun. and County Engmeera; Surveyor, Wombwell, Yorks. 

Contents,— Water Supply.—Ventilation.—Drainage.—Sanitary Building Constn^ou. 
Ini^ctipus Diseases.—Food Inspection.—Duties of an Inspector of Nuisances and Comm 
Lodging-Houses.—Infectious Diseases Acts.—factory and Workshop Acts.—Housing 
the Working'Claases Act.—Shop Hours Acts.—Sale of Food and Drugs Acts. The Mi 
garine Acts.—Sale of Horseflesh, &c.. Riven Pollution.—Canal Boats Act.—Diseases 
Animalb.—IHuries, C'owshed.sand Milkshops Order.—Model Bye*Laws.—Miscellaneous. 
Index. 

Accurate, reliable, and compiled with conciseness and coxt."—Saniiary Record. 


Second Edition, Revised. - In Crown Svo. Handsome Cloth. Frohise 
* Illustrated. 8s. 6d. net. 

SANITARY ENGINEERING: 

A Pmof/oa/ Manual of Town Orainago and Sewage and Sefuee Diepooc 
Per •wiltwy Autherttfee, InfftneerB, liMpeotore, AfohWee to , 
Aantnuitapn. and fltiiriantB 

By FRANCIS WOOD, A.M.Inst.C.E., RG.S 

Borough Engineer and Surveyor, Fulham; late Borough Engineer, Bacup, Lancs. 

aSNSBAIi OONTICNTS. 

Introduction.—Hydraulics.—V<docity of Water in Pipes.—Ear^ Pressures and Reudni: 
Walls.—Powers.—House Drainage.- Land Drainage.—Sewen.—Separate System.—Sewa 
Pumping.—Sewer Veatilation.—Drainage Areas.—Sewers, Manholes, &c.—Trade 
Sewage Aitposal Works. - • Bacterial Treatment. — Sludge Dixpo^. — Construction ai 
Gleansit^bt Sewers.—R^ae Disposal.—CSiunneys and Foundations. 

“ The volume bristles with Information which will be greedihr reed by these in need of airiitance. T 
book IS one that ought to be on tlie booksheivus of BVBRY practical BNClNBaR.'*—7MfrM 
" A vaaiTABLB POCKET COUPBNDIUM of Sanitary Engineerieg. ... A work which im. 
oeuy respectt, be considered as complbtb . . commbndably CAUTIOUS . . . nrrxitjirni 

. . . S\}GGWlVU."~-PtMte NoaM Bnemeer __ 


tONDON; CHARLES GRIFFIN « CO., LIMITED. EXETER STREET, STRAND. 
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Second Edition. In Large Sm. Handsome Ototh. HeautifiiUy 
niuttralfd. WUh Plates and Figures in the Text. Sis. net. 

tOlD liKIIG IRD lUXTERilOE: 

A Prattical Treatise for Engineers, Surveyors, and Others. 

With an Histoeioal Sketch of Ancient and Modeen Pkaotice. 


By THOS. AITKEN, Assoc.M.Iif8T.0.E., 

Uember of the Assooltttion of Muoioi^ml and Ootmty EngiuBera; Member of the Banitary 
lUBt; Surveyor to tlie Quuoty Oouitoil of Fife Gat^ Dlviifo&f 

WITH NUKfE/tOUa PLATES, DIAQBAMS, A/tO lUUSTSATtONS. 


Contents. —Historical Sketch.—Resistance of Traction.—Layins out 
Sew Eoada. — Earthworks, Drainage, and Retaining Walls.— Road 
Uaterials, or Metal.—Quarrying.—Stone Breaking and Haulage.—Road- 
Soiling and Soarilying.—The Construction of New, and the Maintenance 
)f existing Roads.—Carriage Ways and Foot Ways. 


“The Literarr style !.sxcBU.BNr. . . . A coxeBaEissiTS and BXCI1.1.SK1 HoCeni Book, u 
iF’TO'DATi work. . . . Bhooid he iin the reference shelf of every Hunictpel end Coootf 
Sniineer or Surveyor in the United Kingdom, and of every Colonial En(dneer.'’-'rk« Numvor. 


In jffandsQtnt Cloth. FiiUy lUnMrated, I 0 ». 6(f. ncf. 

iTuSTIaESSS HO AID a. 


TAR MACADAM. 

By J. W A LKER SMITH, 

Uoisiugh Koginoor and Muster of Works, Edinbiirgh. 


CojRTiKTs.—Necessity for Inaproved and Standard Jload Coiistmctlon.—Tar.-HSUadardhiattoH 
»r Matrix.-dtfEregate fur Macadam • IHffcreiit Modes of PreiiariDR and Laying.—Mechanical 
Miiriiig.-Kffccts of Wear. Ucnuity, Porosity, UiKliibntlon of Weight.—S<MVon(dng: Wateriug ud 
Maintenance. — Camber: Orodient, Noisdeenietui. Hygienic AdvHntM(eB. — ttuulng.~*Tni^lva 
Bffoit.—SiatlstlcH -Tar Spraying on (hdluary Macadam Surfaces.—Arpx.vi)tciB.—lHi>BZ. 


In Demy 8vo. HcmdAonie Cloth. With Many TaUee, 

THE THEORY AND PRACTICE OF 

ERAHELLIRG ON IRON AND STEEL. 

By JULIUS GBtTNWALD, 

Toc'hnica] Chemist and Works' .Siauager. ^ 

CoNTKllTii.—iBtrodavtiou.—Tbe Kaw Materials —The Mixing. Bifisolviw, and .Apidi* 
cation £..amel.-Beating and Pickiing Goods In the Bourrh.—Correct laying tm.— 
fiakihg Bnamelled War(t.~ muoration of Enamelled Objects.—PhotcnCerainlcs in their 
Application to Enamels.—General and Stattstteal Chapter.—The History of Buameli 
and their Uses.—INDEX. 


lOHDOtt: CHARLES GRIFFIN & GO., LIMITED, EXETER STREET. GTRAROi- 
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GHARLSS ORirm it OO.'iS RUBLIGATIONS. 
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In Large 8vo. Handsome Cloth. Proftisely Illustrated. .SOs. net. 

A TREATISE ON • 

COLOUR MANUFACTURE. 

A Guide to the Pemtaratlon, Examination, and Appltoation of all tin 
nerment Colours In Practical Use. , 

Br GEORGE ZERR and Dr. R. RCBENCAMP. 

AOTHORISItU EKOtlSH TRANSLATION JK DR. C. UAYEK, OR BORODOM. 

'‘Thi8C0inpieticuslvei.'ai>le . . . iisefnl ami Interestlus;."—Oil and Colour Tran 
Journal. 


Fooeth Edition, Revised and Enlarged. With Illustrations. las. 6> 

PAOimS' COIOIIES, OILS, AHD WISHES 

A PBACTIOAZ. IHAXrUAIk 

Bv GEORGE H. HURST, F.C.S. 

Gsneral Contents.— Introduotonr—THR Composition, MANUFAcnn 
ASSAY, and Analysis of Pigments, White, Red, Yellow and Oiange, Ota 
Blue, Brown, and Black— Lakes —Colour and Paint Machinery—Paint Vehic 
(ODs, Turpentine, Ac., 4c,)—Driers— Varnishes. 

*' A THOROUGHLY PRACTICAL book. . . . Sstisiaccorily (rents of the manufsctun 
oils, colours, and plKmeats."—CArmirnl Tnuui fourruU 


In Crown 8vo. IJandsome Cloth. With Illustrations. Ss.^ 

THE PAINTER’S LABORATORY GUIDl 

A Stndent’s Handbook of Paints, Colours, and Vapnlshes. 

By GEORGE H. HURST, F.C.S. 

Abstract op Comtbnts.— Preparation of Pigment Colours.Cliemtcal Princip 
lavt^ved.^Oils and Varnishes.—Properttes of Oils and Vamishes.*~Tests and Erpenmen 
-^Plants, Methods, and Machinery of the Paint and Vanush Manufactures. 

**Tlds excellent handbook, ... the model of what a handbook should be.*'— 
Caimrr, and Drytaiitrifs, 


Third EDraioK, Kevued. In Crown 8 to. ezti%. With ITumerons 
tioni and Flatea (lome in ColoQra)i including Original Deaigna. 12 b. 6d 

Painting: and Decorating: 

A Complete Practical Manual for Eome 
Painters and Decorators. 

By WALTER JOHN PEARCE, 

LKomaa at tke lUBOBisTKa TiOBnaaL school ton Hoota-PAXHTnra akd naooaaTiXQ 
“A^raOBODOHLT VSnUL BOOK . . . GOOD, BOUND, FBAOnaAL nm 
NATION in a OLIAR and oonoise rasn.”—Plumber and Deeorator. 

“ A TBOBOUGHLY GOOD AND BELIABLE TEXT-BOOK. . . . Bo PULL a 
ooMPURE that it would be difficult to imagiue how anything further oould 
added about the Faintcr'i craft"-Btiiiderr Journal. 


IQNOON; CHARLES GRIFFIN i CO., LIMITED. EXETER STREET, STRAHQ, 





CBBU18TRY AND TECHNOLOGY. 
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SbcOMD Edition. In Large 8vo. Handsome Cloth. With 4 Plates 
and Several Illastrations. net. 

THB DHEMISTRY OF INDIA RUBBER. 

A Treatise on the Hature of India Rubber, Its Chemical and Physical Examina¬ 
tion, and the Determination and Valuation of India Rubber Substitutes. 
Including the Outlines of a Theory on Vulcanisation. 

By carl otto WEBER, Ph.D. 

*' Replete with scientihc and also with technical interest . . . The section on physical 
properties is a coi^lete of eeery thins hnown on the sahlKt."--Indi/i.rw6i*rjBunuil. 


In Handsome Cloth. P'ully Illustrated. 

THE MANUFACTURE OF RUBBER GOODS. 

By ADOLF HEIL and Dr. W. ESCH. 
Translated hy EDWARD W. LEWIS, A.C.G.I., F,C..S„ 

Chemiitt to J. (p. 1n(>kam & Son, London. 

Gbnbral CoNTBNT^. -Raw Maierinl and its Preimration.—Vulcanisation.—Rubber 
Mixini^L—Manufacture of Soft Rubber Goods.—Alaitufacture of Hard Rubber Goods. 
—ReReneration of Waste Rubber.—Specific Gravity of Rubber Goods.— Index. 


In Large Crown 8vo. Fully Illuslrated. 5$. net. 

GIaUB:, GBSIlaiLTINrB:, 

AND THEm ALLIED PHODDOTS, 

Practical Handbook for the Manufacturer, Agricuituriet, and Student of Technology. 

. • By THOMAS LAMBERT, 

Analytical and Technical Cberoist. 

Contents.— Historical.— GLVB.—GBI.AT1MB.— Size and Isinghus.—Treatment ol Efflu¬ 
ents produced in Glue and Gelatine Making.—Liquid and other Glues, Cctnests, &c.—Uses 
of clue and Gelatine.—Reudual Products.—Analysis of Raw and Finished Products.— 
Appendix.—Indbx. • 

' * A sufficient account of modern metho<^ of working, chiefly from a practical standpoint. 
A book . . . of real value.**— 


In Large 8vo. Handsome Qoth. Fully Illustrated. 15$. net. 

riSiLTHBiR /rRJLDRB’ CHJEBMXBrrRY. 

A Practical Manual on thejlficilyale of Materials and Finished Products. 

By S. R. TROTMAN, M.A., F.I.C., 

Public An^yst for the City of Nottingham. Member of die International Assoemdon 
of Leather Trades' Chemists. , 

Synopsis of Contbnts.— Standard Solutions.—Acids, Aikalieii, &c.—Water.—Droilation 
and Deliming.—Fleshing, &c.—Ghie.—Spent liquors.—Mineral and VegetaUe Tenalag 
AMBts.—Oiu.—Soaps.—Vanushes.—Skin.—Leather. — Dyestuffs.—Degreasing Agents.— 
Effluentc. -^LOssAKYe—I ndex. 

Ur. Trotman has admirably succeeded in his atm. . . . Practically every section 
the leather trade chemlstr)’ is gone into .*'—Traded Rroitw. 


In Luge 8vo. Handsome Cloth, With Fkte.s and Illastrations. 7s. 6d. net. 

THE MANUFACTURE OP INK. 

A HandLjok of tha Production and Properties of Printing, Writing, and Copying hdto. 
By C A. MITCHELL, B.A., F.I.C., F.C.S., & T. C HEPWORTH, 

**Th(tfoughly wellarraoged . . . and of a genuinely practical order.’’—^rM(A/*r6s4«r. 


LONDON: CHARLES GRIFFIN A CO., LIMITED, EXETER STREET, STRAND. 
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VHE VBXVIX^BS XSfDUSTRZnS. 
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Buckwheat, 145. 

„ hiills, 197. 

,, staruli, 145. 

Bulfalo milk, 209. 

Bunge’s method of estimating alkalies in 
ash, 96. 

Bunsen’s valve, 94. 

Bussy, A., 81. 

Butter, 46, 271, 274-30.5. 

„ Acid value of, 200. 

„ Analysis of, 274-305. 

,, ,, ,, insoluble fatty uci<U 

in, 297. 

„ ,, ,, rancid, 306. 

,, Jind Margarine Act 1907, 597-599. 

„ Ash of, 277. 

,, average value.'! for standard testa, 

304. 

„ Colouring matter of, 278. 

,, Coiiiptisitian of, 272. 

,, Oryosopic analysis of, 302. 

,, Mieroscopicalexamination of, 274. 
,, Milk-bleiidcd, 274, 276. 

„ Old French regulations icgarding, 
11 . 

„ preservatives, 277. 

,, Process or renovaUef, 274. 

,, Proximate analysis of, 274. 

,, salu of, Regulations for, 46. 

„ Salt, 276, 277. 

,, Water in, 275. 

„ Yellow, 278. 

Butter fat, 271, 272. 

„ ,, Acetic acid test for, 279. 

,, ,, Analysis of, 279. 

I, ,, Decomposition of, into fatty 
acids and glycerin, 292. 

„ „ lotline value of, 3o0, 304. 

„ ,, Melting-point of, 281 284. 

„ ,, Patterns of, 279. 

•• „ ,, Refractititi of, 284-289. 

„ ,, Specilic gravity of, 289. 

,, ,, Titration of, by alcoholic 

potash, 291. 

„ „ Yiscometry of, 290. 

,, „ Volatile acids of, 294. 

Buttermilk, 271. 

Butyric acid, 197. 

,, ,, Detection of, 384c. 

,, ,, Fermentation, 260. 

,, ether as a test for butter, 299. 
Butyrin, 197. 

Caffkauink, 348. 

Ckiffeino (see Theine), 

Caifoo-t»ntiic acid, 848. 
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Calcic chloride, Standard solution of, &71. 
Calculation of niilk'fat, 223. 

Calumba starch, 142. 

Camellia siisaanqiia, 330, 

Camera milk. 200 . 

Camembert cheese, 306. 

Cane suffer, 104. 

„ ,, Ash of, 107. 

,, ,, gi'onp, 104. 

,, ,, in milk, 238, 264. 

Canna arrow-root, 141,144. 

Caproic acid, 107. 

Caproin, 197. 

Caprylic acid, 197. 

Caprylin, 197. 

Capsaicin, 501. 

Capsiciii, 428, 501. 

Cajisieol, 501. 

Caramel, 80, 478. 

,, in milk, 241. 

Caramchnio, 81. 

Caramcliii, 81. 

Cai'amcUno, 81. 

Carbazol test Cor nitratc.s, 524. 

Carbazotic acid, 74 
Carbodiydrates, Clas.si(]calioii of, 103. 

,, Estimation of, 111-121. 

„ „ „ in milk, 

224-226. 

Carbon, organic, Estimation of, in water, 
542. 

Carbonic acid in ash of food, 94. 

,, ,, in beer, 418. 

Cardamoms, Oil of, 401. 

Cai'iiiinaplitli, 84. 

Carmine green, 86, 87. 

,, rod, 68. 

Camiinic acid, 68. 

„ ,, absorption factor, 69. 

Carob-treo fruit, 3r»6. 

Carthaniic acid, 73. 

Oarthaniine, 73. 

Cssamajor’s method of detecting starch 
sugar in eanc sugar, 106. 

,, test for butter, 279. 

Casein, 19S. 

,, Estimation of, in milk, 227. 
CossaVs method of detecting borax, 231. 
Cassava starch, 145. 

Cassia, 503, 504. 

,, seed in coffee, 356. 

Castor oil, 509, 513. 

Catechu, Detection of, in tea, 343. 

Cat’s milk, 209, 210. 

Cayenne pepper, 500-502. 

,, ,, Adulterations of, 502. 

Cellulose, 135. 

Centaurea bitter, 428, 429. 

Centrifugal luachines, 218. 

Cerenlin, 147. 

Certificate of analyst, 42. 

„ „ „ received as evidence, 

685. 

Certi&cates, Forged, 586. 

,, Form of, 584, 588. 

Ceylon oil in butter, 305. 


Cbapnian, Analysis of tieucle by, 130. 
Chatin’s metbod of dctcrniiniu;^ iodine in 
w'aier, 522. 

Cliattaway, Poarmaiu andkfooron Valenta’s 
test, 279. 

,, ,, ,, „ on estima¬ 

tion of cheese-fat, 307. 
Cheddar cheese, 306. 

Cheese, 305-309. 

,, Adultciations of, 308, 309. 

,, Analysis uf, 3(<7, 308. 

„ fat, volatile acids, 309. 

„ „ Zeiss on the refrautometer value 

of, 309. 

„ Ripeuiiig of, 307. 

ClieiTies, 131. 

Oliorry-hiurel lettvc.s, .506. 

Chestnut, 143, 145. 

Clievallier's dictionary, 31. 

Chicojy, Adiilteiations of, 18. 

,, Analysis of, 853, 359, 

,, Detection of, 3.54. 

„ Influence of, ^hen mixed with 

coffee, 359. 

„ Specific gravity of infusions of, 

360. 

,, Treasury Minute as to, 17. 
Chillies, 500. 

Chinese peas, 164. 

Ghlorauthus inconspiouns, 332. 

Chlorine in ash of food, 93- 95. 

,, in coffee and clii ory, 301. 

,, Estimation oi, in water, 521. 

,, in wine, 448. 

Chlorofoi’iii process for tiie separation of 
alum from flour, 158. 

Chlorophjll, 77. 

Chocolate, 365. 

„ Adulterations of, 375. 

„ French, 365. 

,, Sltauish, 365. 

,, \'anilla, 365. 

Cholera and milk supply, 257. 

,, red reaction, 507. 

Cholestei'in, 815. 

,, ill beans, 185. 

„ in peas, 180. 

Choline, 418. 

Chrome violet, 84, 

Chromic acid as a test for alcohol, 388. 
Ohrysumine, 84. 

Cbry.'iHmmtc acid, 88, 90, 92. 

Chrysanilinc, 77. 

Olirysaniiie, 84. 

Chrysoldine, 76, 83, 85, 458. 

Ohrysoline, 83. 

Chrysopbauic acid, 75. 

Chrysopliyll, 78. 

Chrysotoluidine, 458. 

Gbuuo, 178. 

Cider vinegar, 473. 

Cigar ash, 328. 

Giniiamon, 503, 504. 

Citrio acid juices, Analysis of, 480-482. 

„ „ in milk, 203, 228. 

Cladothrix, 557. 
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Claret, Fictitious, 456. 

Clarke’s yiodifioation of Relnsch’s test, 
436. 

,, soap test, 542. 

^'’'lansnizor and M.eyftr’» formula for cal¬ 
culating milk fat, 223. 

ClaasnizoT*8 method of estimating glyciriu, 
426. 

„ ether-extracting apparatus, 49. 
Clayton cloth red, 84. 

„ yellow, 8t.“ 

Olimalo and milk, 247. 

Cloves, 503, .605. 

Giiii-in, 415, 428. 

Coal-tar dyes in milk, 241. 

Cochim-al, 68, 86, 4G2. 463, 466. 

Cocoa, AduUomtionH of, 374. 

,, and chocolato, 863-376. 

„ Ash of, 365, 370. 

„ butter, 36.5, 3ii(5. 

,, (join)>ositio>i of, 365. 

,, Epps*«, 36.5. 

,, essence, 365. 

,, fibre, 370. 

,, Granulated, 365. 

„ Homoeo]>at)iic, 365. 

,, Maravilla, 365. 

,, hiicroscopical characters of, 364. 

,, Nitrogenous constituents of, 374. 

,• -nut oil, 289, 305, 509. 

„ „ „ in butter fat, 303-303f. 

* ,, shelfk, 503. 

„ ml, 368-370. 

,, shells, 503. 

Cod-liver oil, Refraction of, 284. 

Cceruline S, 84. 

ColTec, 316-368. 

,, Acts relative to, 17. 

,, Adulterations of, 18, 353-363. 

,, Amilysis of, 350-352. 

,, Carbo-hydrates in, 350. 

,, Chemical changes of, during roast¬ 
ing, 347, 348. 

„ Constituents of, 848-360. 

„ fat, 348. 

,, imitation berries. Composition of, 
„ 354. 

„ infusion, Specific gravity of, 360. 

„ Microscopical itructuro of, 346, 

347, 354. 

„ Oil of, 850. 

,, Soluble ash of, 859, 360. 

,, Specific gravity of, 351. 

„ „ „ of infusion of adul¬ 

terated, 860. 

„ „ ,, of infusion of mixed 

chicory and, 361, 
362. 

,, Treasury Minute as to, 17. 

Coffin’s food for infanta, 169. 

Cognac (see Brandy). 

Gohnheim’s experiments on tuberculosis, 
255. 

Colchicine in beer, 412, 429. 

,, in milk, 248. 

Cold, Action of, on milk, 261. 


(k}lloge of Physicians in the fifteenth 
century, Inspection of foods by, 9. 
Culoc.vnth liitter, 429. 

Cologne, Adulteration of wine iu 1451 at, 
13. 

Guloriiiictors, 60. 

Colour and colouring matters, 69-92. 

„ ,, ,, of sweetmeats, 122. 

Colouring of food and drugs, 582. 

,, of milk, 241-242, 

„ matter, Kstimation of, 60. 

,, ,, in vinegar, 478. 

,, ,, in wine, 467-467. 

Colza oil, Constants of, 289, 510. 
Cmnmaille’s method of determining theine, 
334. 

Committee on Kood Pwsorvatives, etc., 
237, 241, 269, 277. 

,, on Milk and (keam Ri'gula- 
lions, 231, 247, 269. 

„ Select, 1874, 21. 

,, ,, on Adulteration, ot 

Kood, 1855,19. 

('oncrete sugar. Analysis of, 109. 
Goudeiised milk, 262-267. 

,, ,, Adulteration of, 266. 

,, ,, Analysis of, 263-265. 

„ ,, as an adulterant of cow’s 

milk, 233. 

„ „ Calunlation of original 

composidon of, 265. 

„ ,, Degree (»f couccnlration 

of, 266. 

Cones, 166. 

Confectionery, swoetmcits, 121-123. 
Confervae in uatcr, 656. ^ 

Congo red, 72, 84, 85. 

„ yollow, 84. 

Coi»pev, 20. 

,, in milk, 202. 

,, in peas, 181-183. 

,, in vegetables, 20, 181. 

,, in water, Twt for, 520. 

,, Quatttity of, jiermiltcd in Fiance 
and Italy, 182. 

„ Kei’ommeiidatlon of Depurtmeutal 
Coinmitt (‘0 as to use of, for col¬ 
ouring food, 183. 

,, Toxicological action of sal£s of, 
in food, 182. 

„ Tunnicliffe’s experiinon ts on effects 
of salts of, in food, 182. 

,, zinc couple, 625. 

Copper sulphate iu bread, 165. 

,, ,, standard soluiitm of, 571* 

Coralline, 71. 83, 85, 86, 88, 90, 92. 

Corn, Adulteration of, 5. 

,, cockle in wheat, 154. 

Cotton scarlet, 84. 

„ seed oil, 284, 289, 509, 511, 612. 
Cotton’s meth(^ of detectiug canc sugar 
in milk, 238. 

Cows, Fo(^ of, 249. 

Onb vinegar, 474. 

Cream, 267-270. 

,, cheese, 806. 
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Creighton, Dr. C., on tuberculosis, 2.56. 
Creuothrix, 557. 

Crime in elnventh ami twelfth ceutiirius, 4. 
CriMHier’s test for butter, 280. 

Ci*ooeine, 85. 

„ orange, 76. 

,, scarlet, 7?. 

Crook, \V. C., hifl luethod of testing butter, 
279. 

CrookfS, Odlihg and Tidy’s cobmr iiiefer, 
518. 

Crum ]»roci‘HR for estimation of nitrates, 
627. 

Cryosco])ic method of examining butter, 
302. 

(Jrystal violet, 83. 

Cupric 1 ‘educing power of dextrose, levu* 
lose, and iiiveit 
sugar, 113. 

M n >> ofsugais, 111. 
Curii^oa, 403. 

CurcHs oil, 509, 513. 

Curcuma arrow-root, 141, 144. 

Cnrcumiu, 74. 

Curds, Analysis of, 305. 

Currant, 131, 134. 

Cyanine, 84. 

Codamine, 83. 

Damsonk, 132. 

Dai»bnc bitter, 428. 

Daphnin, 416. 

Dari atarcb, 142. 

Darnel, 155. 

Date coffee, 355. 

,, vinegar, 582. 

Date>8tones, 508. 

I, „ as a coffee adulterant, 355, 
367. 

Davy’s test for alcohol, 383. 

Death in the Pot, 29, 80. 

Deniorara cane sugar, 108. 

Deniges reagent, 229. 

Depairo’s process for detecting piorotoxin, 
480. 

Dejmty, Appointment of, by inspector, 41. 
Desmiusin water, 557. 

Devon oream, 268. 

Dextrin, Detection of, in cane sugar, 106. 

„ , in milk, 238. 

„ Estimation of, 129. 

Dextrose, 110. 

Diarrhcea caused by milk, 258. 

Diastase, Preparation of, 136. 

DiMin’s method of investigating water. 
554. 

Diuitro-benzoates of the alcohols, 3845. 
Dioscoridee, 4. 

Dioxine, 84. 

Dipheuylaxnioe as a trat for nitrates, 524. 

„ blue, 84. 

„ orange, 76. 

Diphenylmethane odours, 82. 

Diphtheria and milk, 257. 

Dirck’a method of estimating volatile oil 
of mustard, 480. 


Dlso method of taking melting-points, 281 
Divisors for sugar solutions, lU* 117. 
Donne, 28. 

,, Coura mi<T(Kscopigufi, 190. 

„ niothed of detecting potato starch, 
166. 

D'His, R. K., method of delennining cocoa- 
nut oil in butter-fat, 303e. 

Doorsoliodt, Analysis of milk by, 191, 
Douzard’s method of estimating starch, 
139. 

Dragcndotirs analysis of tiai, ,326, 334. 

,, method of detecting pioro¬ 

toxin, 431. 

tt ,, for estimation of 

starch, 136. 

„ pr()cess applied to beer, 427- 

•129. 

Dripping, melliiig-point of, 288. 

*’ruKgi'‘t8, Old position and regulations of, 
9, 11. 

Drugs, Adulteration of, 34. 

,, Colouring of, 582. 

,, Compounded, 34. 

,, Old German reguhitions as to, 14. 
Diyitig oils, Tests for, 505. 

Dui'laux’s analyses of buttcr-fat, 272. 

„ metliod of distilling volatile 
acids, 449. 

,, observatiousonhoated milk,261. 
Dulciuc, 135. 

Dumonchaux on milk, Ui. 

Dunlop cheese, 306. 

Dupre and Hake’s method of estimating 
ininuto i|Uantitics of carbon, 549. 
,, and Thudeihum's motliod of esti¬ 
mating wine extract, 452. 

Dupre's analysis of wine, 447< 

„ experiments on the separation of 
nium from flour, 159, 167, 168. 

,, method of burning water residues, 
542. 

,, process for detecting the colouring 
matter of wine, 460. 
Durham-Gruber reaction, 667. 

Dutch cheese, 306. 

,, cocoas, 871. 

Dyer, Aiudysis of chicory by, 863. 

M M of gol'dun syrup by, 128. 

„ Estimation of nitrogen by, 97. 

Edinutok’s observations on scarlet fever, 
258 

Khrenberg’s Infusorial Life, 28. 

Elaidin test, 505. 

Elderberries as a colouring ctf wine, 462, 
463, 464, 465, 467. 

Eleiihaut’s milk, 209. 

Ender’s process for detecting bitter prin¬ 
ciples in beer, 430. 

Eosine, 76, 83, 85, 458. 

Epps’s cocoa, 365. 

Equinin acid, 208. 

Erdmann and Schmmger on milk-sugar, 

200 . 

Erffot in flour. 165. 
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Evioolin, 429, 

Eracic aoU, 489. 

Kiytliriiie, 88 . 

Erythrophyll, 78. 

Trythros*’, 104. 

Erytbrosiiie, 72, 82, 83, 8 .*). 

Kstt'r-iodine of cHtimatin^' tho 

higher alisohois, 397. 

Estors, EHiimalioii of, ni wine, ir)0. 

EthcTb, 303. 

Ethyl orange, Sf). * 

„ jiufph', 80 . 

EthylooKiuo iu wine, 458. 

Ethylic alcohol, 379. 

Ewart’s description of a disoiise arising 
from n.ilk, 258. 

Excretion of copper, JH3. 

Expenses under the Sale of food and 
Drugs A<.t. 580. 

Extinction coefficient, 63. 

E. xtract of wine, 451. 

ICxtracUon of liquids, 50. 

,, of solids, 49. 

Eaoino of tea, 329. 

False warranty, 44. 

Farinaceous food for children, 169, 170. 
Faro beers, 409. 

F. ist black, 83. 

i«d, 7*2. 

Fat, JlccomposiUon of, into f.itty acids and 
glycei in, 29*j? 

Faults in milk, 260. 

Faust and Schunster^s infants’ fond, 
169. 

Fehliiig’s solution, 111. 

Fonnoiitatiou, 404-408. 

,, Alcoholic, 405. 

Fermented liquors, 408-482. 

Ferments of sour b«er, 408. 

Ferrous chloride solution, 571. 

Fibre, Estimation of, 498. 

Filhul and Joly on abnormal milk, 213. 
Fischer on the mineral analysis of water, 
553. 

Flavanilinc, 85. 

Flavin, 86 . 

Flavopnrpunne, 84. 

Fleiscnmann A analysis of esparated milk, 
262. 

Flour, 116-16*2. 

,, Adulterations of, 156. 

„ Analysis of, 163-162. 

„ and bread, early French regulations 
as to, 10 . 

,, Cold extract of, 160. 

„ Fat of, 160. 

,, ^S <^1 relative to, 162 

,, Millon and Kekuld’s aualysus of, 
147. 

„ Modern ^ades of, 150. 

,, Nitrates in, 149. 

„ Nitrogenous constituents of, 148- 

153. 

ff Physical characters of, 146. 

I, Proximate analysis of, 160-162.. 


Flour, water in, Estimation of, 160. 
Flnoboratcs, Detection of, 240, 469. 
Fluorides, Detection of, 240. 

FluosiUcalos, Detection uf, 240, 460. 
Follicular tuusillitis and milk, 257. 

Food, Deliiiition of, under Sale of Food 
end Drugs Act, 582. 

„ Influcnci' of, on the milk yielded hy 
cows, 247-249. 

Forchaniincr process in water analysis, 
536. 

Fore milk, 206. 

Formal violets, 88 . 

Formaldehydt’, 234, 236. 

Fomialin, 284, 236. 

„ Kstiiiiatioii of, 237-239. 
Formanek on separation of colouring 
matters, 87. 

Formic acid, 391. 

Fortune v. Hemson, 42. 

Fousel oil ill whisky, .399. 

,, ,, Detection and estimation of, 

394-397. 

,, „ Effects of, 400. 

Fiance, AduUmtiou in, 9. 
KrankfortMm'the-Maiiie. Method ofpunish* 
ing fiaudulent vintners at, 14. 
Krtiiiklaud*s combustion process, 643. 

„ Standards of purity of water, 
569. 

French bakers, Frauds of, 10. 

,, chocolate, 865. 

French’s children’s flour, 169. 

Friedrich, .1. li., Treatise on adulteration 
by, 31. 

Froinage de Brie, 806. 

Fruits, Composition of, 131.* 

„ Microscopical structure of, 132-134. 
Fiichsine, 69, 85. 

,, absorptioncoeffioient, 69,70,71. 

,, Detection of, in wine, 459, 460, 

462-164, 466. 

Fungi in broad, 165.- 
Furfurol, 392, 478. 

Kustet, 86 . 

Fustic, 75, 86 . 

Fustin, 84. 

Oalaotimk, 202 . 

Galactose, 201. 

Oalangal, 142. 

Oall.imine blue, 83. 

Qallanilic blue, 84. 

„ indigo, 83. 

„ violet, 84. 

Gallcino, 84. 

Gallisin, 131. 

Gallocyanine, 83, 84. 

Galloflavine, 84. 

Gambine R, 84. 

Gamboge, 75. 

„ as an adulterant of mustard, 

491. . 

Gamomie milk, 209. 

Garelii and Carcano ou the molecular 
weight of butter and margu-ine, 302. 
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6&rnier and HareVs treatise on adultera* 

tioD, :n. 

Gas apparatus, r>44. 

Gases of milk, 204. 

Gautier, A., method of detecting colouring 
as;oTits, 461-467. 

,, mode of prei'Uiing crystalline- 
chlorophyll, 77. 

Oeisler’s method of estimating (at in con¬ 
densed milk, 263. 

Geissler's vaporimeter, 387, 288. 

-Gelatin in cream, 269. 

,, ill milk, 233. 

,, process for the detection of alum, 
169. 

,, Standard nutrient, 560. 

Gentian bitter, 428. 

Geniinnin, 416. 

Gentiogenin, 417. 

Geiitiopicrin, 416. 

Geoifroy’s ex|)eriinent8 on milk, 101. 
Gerber & Co.*8 condensed milk, 169. 
Gerber’s lacto-legnminose, 160. 

Gurlauii’s expcriineuls on tubercle, 256. 
German beers, 409. 

,, guilds, 13. 

Gesner's analysis of milk secreted by 
infants, 212. 

Gii>son V. Leaper, 36. 

GilTey, Scheele & Co.’s infants’ food, 169. 
Gin, 400-402. 

,, Analysis of, 402, 

Ginger, 503, 504. 

„ E. lledi’s expcriuionts on, 25. 

,, stsi'ch, 142. 

Glaoialine, 284. 

GHadiu, 152,170. 

Gloucester cheese, 306. 

GIpcosazone, 103. 

Glucose, 104,110. 

„ Detection of, in sugar, 106. 

„ in butter, 277. 

„ in condensed milk, 267. 

,, vinc^r, 474. 

Gluten, Estimation of, 161. 

,, fldur, 150. 

Gluten-oaseip, 151. 

Gluten-fibrin, 152. 

Glycerin as an adulterant of milk, 239. 

„ Estimation of, in beer, 426. 

,, „ „ in butter, 299. 

„ „ „ in wine, 405, 451. 

Glycerol-soda solution, 296. 

Goat’s milk, 209. 

Golden syrup. 127-131. 
tloose, Milk-like secretion of glands by, 
210 , 

Ooosebeny, 181,134. 

Gordon’s researobes on scarlet fever, 254. 
Government laboratory method of analys¬ 
ing milk, 248. 

Grain vine^, 474. 

Oranalated cocoa, 866. 

Granulose, 186. 

Grape juice, Analysis of, 442. 

„ sugar group of su^rs, 108. 


Grapes, 131. 

Green colours, 77-79. 

GriivsHtiiaycr’s method of estimating hop 
rcsiii and glycerin, 426. 
Gness’srca^iitfornitiiies, 671. 

Groning’s method of asoertaiuing the 
strength of spirits, 385. 

Ground nut oil, 289. 

Grouveu on the coiiijiosition of peas and 
beans, 180. 

Oruyei'o cheese, 306. 

GailJemare and L(;court'.s rnelhod of colour- 
ing vegetables, 182. 

Guinea greens, 84. 

Gum, Determination of, 842. 

Gutzeit teat for ai-senic, 436. 

Haarstick’s method of examining beer, 
425. 

Ilabei'land’s method of sejiarating organic 
acids, 299. 

TTiematehi, 73. 

ITiematoxyliii, 73. 

Hager’s aniliue ti at, 366. 

,, iiiothod of nnalysing colfee, 362- 

,, ,, ,, ,1 tea, 342. 

,, specific gmvity tabic for wine ex¬ 
tract, 452. 

Halogens, Detomiinalion of, in water 
analysis, 521. 

Halphen’s test for cotton st'ed oil, 613. 
Hammersten on casein, 198. 

Hunus, J., inetliod for the detection of 
cocoa-nut oil in butter-fat, 8035. 
Harilness of water, Determination of, 642. 
Hardy’s tost for alcohol, 384. 

Ifassal, Dr., 19, 32. 

Havanua brown, 88, 90, 92. 

Hawthorn leaf, Description of, 380. 
Hehuer, 0., Analysis of geiiuiue honey by, 
124. 

„ „ Bromine method of testing 

fats by, 302. 

,, „ on iodine Tslue of lard, 312. 

„ „ on method of calcnlating re¬ 

sults of vinegar analysis, 
479. 

„ „ on method of estimating hard¬ 

ness of water. 542. 

„ „ Test for formaliu hy, 236. 

,, and G. IV., on ^uorides in 
butter, 277. 

„ „ and Mitchell on lard, 811. 

„ „ „ „ thermai test for 

oUs, 813. 

Heisch’s analysis of cocoa, 871. 
Ilclianthine, 77. 

„ in wine, 468. 
Hema-speotrosoope, 69. 

Hessian purple, 84. 

Hiepe’s method of estimating chicory, 
861. 

HilMr’s wave-length spectroscope, 66. 
Himrs' method of detecting coooa-nut oil 
in butter-fat, 808 - 808 ( 1 . 

Hippopotamus, Milk of, 209, 210. 
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Hoffman's experiments on milk, 19S. 

„ violet, 83, 86, 87. 

Hogtoan ftarcli, 146. 

Hollyhook as an adulterant of wine, 462, 
464, 465, 467. 

Homoeopathic cocoa, 866. 

Honey, 123-127. 

,, ant, 123. 

„ Ariidcial, 127. 

Honig, KNtimatiun of starch by, 18P. 
Hooke, Dr., 27. • 

Hop-cones, Aeli of, 416. 

Hop-resin, 412, 426. 

Ho}>pe-Seylor'saiialy.sia of chlorophyll, 77. 
,, ,, Bfpiuation of nuclein, 200. 

,, ,, vb'ws on albuminoids of 

milk, 198. 

„ ,, ,, on casein, 198. 

,, ,, „ on milk globules, 

19.'). 

Hops, 412. 

„ Arsenic in, 438, 

,, Ash of, 414. 

,, Bitters of, 413. 

„ Oil of. 414. 

Hordt r v. Mcddings, 36. 

,, „ Scott, 41. 

Horseflesh, Sale of, Regulation Act, 1889, 
691. 

Ilo^cfoot oil, 289. 

Houston, Dr., ideutifleatiou of B. coli, 
» • 662-563. 

„ „ „ B. typlio- 

BUB, 664- 

. 666 . 

HnbVs iodine method for testing fats, 
800, 301. 

Hufiier’s spectro-photomcler, 65<i. 

Human milk, 207-209. 

„ ,, RcUrt’s observations on, 207. 

Huntley gas apparatus, 644. 

Hureaux, 32. 

Hussnn's test for butter, 279. 

Hydrasine colours, 81. 

Hydrasone, 103. 

Hydrocarotin, 401. 

Hyoscyamin in beer, 429. 

Hysteria, Milk in, 250. 

lOS-COATiKG of cakes, 121. 

Idioblasts of tea, 322, 

Ilex CHBsiTa, 346. 

Indamines, 83. 

Indican, 79. 

Indiglucin, 79. 

Indigo, 79, 84, 87. 

„ Artificial, 82. 

„ as an adulterant of wine, 469,462, 
467. 

„ disulphonic acid, 79. 

„ metliod of determining nitrates in 
water, 628. 

„ monosulphonteaeid, 79. 

„ S^trum of, 80. 

., smohuric acid, 86. 

Indophanol, 64. 


Indonbenols, 82. 

Indulines, 88, 84. 

Infants' farinaceous foods, 169. 

Ingestion of copper, 183. 

Insuluble fatty acids, 294. 

„ „ „ iodine iitlue, 301. 

Inversion by invortase, 119. 

Invert sugar, 105. 

Invertase, Preparation of, 119. 

Iodine, Determination of, in water, 622. ^ 
,, green, 79, 83. 

„ in milk, 201. 

„ value of butter-fat, 301. 

lodofonn, Prwiuction of, 383. 

Iron tilings in. tea, 329. 

Isatin, 80. 

Isohutylglycol in wine, 442. 
lsopro])yT alcohol, identification of, 384e. 
IsoTubiue, 83. 


.Iacoby'k method of detecting ergot in 
flour, 166. 

Jam, 181-134. 

„ Arsenic in, 131. 

Jamieson and Aldington’s resoaroln's on 
scarlet fover, 263. 

Japonira, 289. 

Jean’s method of testing Imtter-fai, 287. 
Jellet’s sacebarimoter, 120. 

Jolinstone’s method of estimating piperiu, 
496. 

„ „ of BiipoTiifying butter, 

297. 

Joly and Tilhol on milk fronj a bitch, 212. 
Jones, Analyse of golden syrup by, 127. 

,, V. Jones, 36. 

Juniper, Oil of, 402. 

„ resin, 428. 


KAKonxL, Production of, in testing for 
alcohol, 383. 

K and R values, 113. 

Karmarsch’s values for starch measure¬ 
ments, 146. 

Kellner on changes of tea through age, 827. 

Kermes, 86. 

Killing's method of taking viscometry of 
butter, 290. 

Kino in wine, 467. 

I^eldabl's method of estimating nitrogen, 
97, 226. 

Klebs exmriments on tubercle, 266. 

Klobs Loffler bacillus, 257. 

Klein's method for B. coli, etc., 563. 

,, jiathogenio lilastomyoetes in milk, 
269. 


,, resea'^obes on scarlet fever, 263. 

Knight, West, Method of saponifying 
butter b;^ 296. 

Koch, Dr. ^bert, on tuberculosis, 266. 

Koni^s analysis of bread, 164. 

„ „ of cocoa, 371. 

„ „ ofjiai. 180 

„ „ of potato, 177. 

„ „ of rye breaii, 173. 

„ „ of tea, 326. 
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Koettstorfer’s test for butter, 285, 291. 
Kourniss, 270. 

Kreatino in milk, 203. 

Kreis^s method of saponifying butter, 296. 
Krtiss’s colorimeter, 62. 

,, universal sjx^ctrai apparatus, 65. 
Kunze’s metliod of estiinatingtheobrominc, 
867. 

Label, Clause on, in Sale of Food and 
Drugs Act, 35, 36, 586. 

„ False, 44. 

Lac-dye, 86. 

Lactic acid, 203. 

,, ,, Estimation of, in milk, 280. 

,, fermentation, 259, 407. 

,, fluid, 234. 

Lactochrome, 202. 

Iriiotocnte, 218. 
lActo-leguminose, 169. 

Lacto-protciiie, 202. 

Lactose (milk-sugar), 200, 221-226. 

,, in coudeiiHud milk, 264. 

Lager beer, 409. 

Lambick lioers, 409. 

Lams* method of estimating metliyl alcohol, 
392. 

Lanctt Sanitary Commission, 19. 

Ijtnd and milk, 247. 

Landolt*8 observations on sugar asli, 108. 

„ jiolariscope, 120. 

Lard, 310-316. 

,, adulterants, Chemical and physical 
constants of, 814. 

Lard, Adulteration of, 318. 

„ Chemical ehaiiirters of, 311. 

,, Iodine numlier of, 312. 

,, Msumen^'s test for, 812. 

„ Melting-point of, 288. 

„ Microscopical appearances of, 311. 

Refraction of, 311. 

,, Specific gravity of, 811. 

Lanieriue, 316. 

Lassaigne’s test for flour, 158. 

Laugier's method of determiuing sugar 
ash, 96,110. 

Leach, Eptimation of fat iii condensed 
milk, 263. 

Lead in nater, 620. 

„ in wine, 14. 

liMves, Colouring matters of, 77. 

,, Microscopical examination of, 327. 
Lecanu’s method of separating legumin 
from flour, 167. 

„ „ of separating starch 

from flour, 156. 

Leclero's estimation of starch, 1S9. 

Ledum bitter, 428. 

Leeds* analysis of human milk, 209. 
Leeuwenhoek, A. Van, 26. 

„ „ „ Observatiousofmilk, 

etc. by, 190. 

Leflmannaud Beam’s centrifugRl machine, 

220 . 

„ •! „ estimation of albu¬ 

men in milk, 227. 


LefTmann and Beam’s estimation of lactose 
in condensed 
milk, 2ii. 

„ ,, modification of 

Reichert-Wollny 
process, 295. 

„ ,, ,. test for naphthol 

compounds, 240. 

Legumin in beans, 18.5. 

,, in lentils, 184. 

„ in peas, 180,181. 

„ Separation of, from flour, 157. 
IjCgumiiious seeds, Microscopical peculiari¬ 
ties of, 355. 

,, starches, Microscopical clmt* 
acters of, 142, 
144, 157. 

,, ,, iiiwheat flour, 157. 

Leliiuan’s inctlioil ofoslmiating casein aud 
allmmi-n, 228. 

Lemon aud lime juice, 480-482. 

Li-mons, 132, 480. 
liciitil stiireb, 142. 

TiCntils, 184. 

liiuiz’s method of osliinaling purity of 
pepper, 496. 

Leptothrix, 657. 

Lermer’s lupulite, 413. 

L^scmiir’s analysis of milk, 232. 

Lcvuloae, 105, 111. < 

Licensing Act, 35. 
laehcnat em’s treatise on i\i]k, 192 
Liddiard c. Reece, 3.'», 37. 

Liebig’s child soup, 169. 

Lime juice, Analysis of, 480. 

,, Bucrato, 105. 

Linolcic acid, 316. 

Linseed meal, 5o3. 

„ oil, Kefiuotion of, 284, 289. 

,, starch, 145. 

Liqueurs, 402. 

Lister Ihibcock centrifugal machine, 220. 
Litmus, 80, 459. 
liliima, Milk of. 209, 210. 

I/)gwood, 78, 87. 

,, as a colouring agent of wine, 

459, 462, 863,466. 

,, as a tost for alum, 169, 166. 
Loliiim temulentum, 155. 

Long l>epper, Composition of, 497. 
LowenthaVs process for tannin estimation, 
336, 387. 

Lupin seeds in coffee, 358. 

Lupnlic acid, 414. 

Lttpulin, 412, 413. 

„ and lupnliti>, 413. 

Luteolln, 85. 

Lychnis githago in flour, 153. 

Mack, 608, 504. 

Madder, 72, 85, 86, 87. 

Magenta, 69, 88, 85, 86, 87. 

Magnesia, Spectroscopic test for, 72, 
160. 

Magnesian salts, Bloxam’s method of 
determining, 552. 
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Mafsoli B methodof detectingnitro-benzene, 
607. 

Maize, 138,142,145,175. 

„ Fat of, 175. 

Mslaohito green, 7d, 83, 85. 

ALalfatti’s apparatus for eztraf;ting liquids, 
61. 

Malic acid, Estimation of, in wine, 460. 
Malt, Arsenic in, 488. 

,, Colouring matter of, 411. 

, extract, 410, Aid. 

,, „ Specific gravity of, 420-4’J3. 

,, im!e, Gom])OHitioTi of, 411. 

„ vinegar, 473. 

Maltose, Kstimation of, 129. 

Mammitis, Milk in, 251. 

Manganese in tea, 829. 

Mangosteen oil, 283. 

Mannite, 124. 

Maranta arrow-root, 141, 144, 145. 
Maravilla cocaa, 366. 

Murckerand Morgen’s estimation of starch, 
138 

Mare, Milk of, 208, 209. 

Margarin, 196. 

Margarine, 272-273. 

„ Act, 589 

,, Analysis of (see Butter), 274. 

,, Butter-fat in, 296. 

„ cheese. Definition of, 46. 

,, Colouring matter of, 278. 

•„ Dcjuiitiou of, 46. 

,, Refmction of, 284, 289, 304. 

,, Standard for, 46. 

Marmalade, 131, 132. 

Martpiirdt’s method of detecting amyl 
alcohol, 394. 

Marsh-Bcrzelius test for arsenic, 436-440. 
Marten’s process for isolating legnmin, 
167. 

Martini’s test for pepper, 499. 

Martin, Bartholomew, 190. 

„ Dr. Sidney, Experiments on tuber¬ 
culosis by, 256. 

Martins yellow, 84, 85. 

Mat4, 344-346. 

,, Physiological action of, 345. 
Manmene test, 312. 

Mauvaniliue, 

Manve, 80, 83, 87. 

Manveine, 86. 

Mayer, W., on relation of phosphotus to 
nitrogen in wheat, 153. 

Meal, musty, 5. 

Measurements of objects under the micro 
scope, 54. 

Medical officers of health taking samples, 
40. 

Meggenhofen’s analysis of milk, 199, 208. 
MeUmpyrum arvense as an ailulteraut of 
wheat, 153. 

Meldola’s blue, 83. 

„ test for nitrates, 519. 
Melting-point of fats, 281-284. 
Menyaiitnin, 417| 429. 

Menyanthol, 417* 


Mercuric nitrate solution for milk analysis, 
224, 225. 

Mercury pump, 52. 

Metals in milk, 230. 

Metanil, 85. 

„ yellow, 77. 

Meta-phcnylcne blue, 83. 
Meta-pheiiylenediamine, 519. 

Metliy) aniline violet, 80, 83, 85. 

„ „ ,, Production of, 390. 

„ green, 83, 85. 

„ orange, 77. 

,, oxalate, Proiiuction of, 391. 
Methylene blue, 80, 83, 85. 

,, gicen, 85. 

Methylic alcoliol, Detection of, 379, 390- 
392. 

Moyer, Eziierimonts on digestion by, 164. 
Micro-chemistry, 54. 

Micrococcns prodigiosus, 165. 

MicromeU r eyepiece, 54. 

Microscope, 53. 

,, Influence of invention of, 26. 
Microscopical examination of butter, 274. 
,, ,, of butter-fat, 

274. 

„ ,, of8tBrche8,140- 

145. 

„ „ of tea, 327. 

Micro-KpcoiixiBOO|)e, .55. 

Mikado omnge, 83. 

Milk, 189-267. 

,, Abnormal, 211-231. 

„ Acidity of, 280. 

„ Adulteration of, 230-246. 

„ „ „ with boiled milk, 

233. 

,, ,, ,, „ colouring mat- 

tore, 241. 

,, ,, „ „ condensed milk, 

288. 

,, ,, ,, „ dextrin, 233. 

„ ,, „ gelatin, 283. 

,, ,, ,, „ preservatives, 

284. 

,, „ ,. ,, sepamted milk, 

233. 

„ u u ,t starch, 233. 

„ „ „ storilised milk, 

238. 

„ „ „ sugar, 233. 

„ „ „ „ water, 231. 

,, Albuminoids of, 198. 

,, Amphiotoric reaction of, 195. 

„ analysis, 215, 280-245. 

,, „ Comparison of proeosses of, 

219, 224. 

,, ash, 201, 204. 

„ „ Determination of, 228. 

,, Aver^ composition of, 201-204, 
231. 

,, bitter principles derived from plants, 
208, 247. 

„ Chief influences modifying, 245-248. 
,, Citric acid in, 228. 

„ Climate and, 247. 
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Milk, Composition of, in rolation to food of 
cow, 247-249. 

„ Condensed, 262-267. 

,, Decomposition of, 259. 

„ Detection of metals in, 230. 

„ Diseased, 249-252. 

„ fat, 104. 

,, ,, A))straetion of, 232. 

,, ,, Extraction and estimation of, 

217-224. 

„ ,, Standard for, 232. 

„ faults, 260. 

„ ‘Fore,’206. 

„ from various Itreeds, 246. 

,, Cases of, 204. 

,, General analysis of, 213. 

„ ^dand, Chemistry of, 194. 

„ Globules of, 194, 213. 

„ „ ,, whether they have a 

membrane, 194. 

„ Historical notices of, 189 193. 

„ lactation, Pei-iod of, 246. 

,, Lactic acid in, 230. 

,, Land and, 247. 

„ Afierosoopical chiiraeiei's of, 213. 

,, Minimum amount of fat and solids 
not fat in, 282. 

„ Morning ami evening, 247. 

,, of ass, 206, 208. 

,, of bitch, 210. 

„ of buffalo, 209. 

,, of camel, 209. 

„ of cat, 210. 

„ ofcowssufferingfromaphthous fever, 
250. 

„ of cows suHering from disease of 
udder, 251. 

.. » engorged ru¬ 
men, 2S2, 

„ „ „ „ parturient 

• apopirxy, 

261. 

II *11 II II pUthiai8,261, 

II II II II pneumonia, 

2.51. 

II II II II typhus, 261. 

„ or .lepbant, 209. 

,, of gamooae, 200. 

,, of goat, 208, 

,, of hippopotamna, 210. 

„ of infants, 211. 

,, of llama, 210. 

,, of mare, 208. 

„ of mule, 209, 

,, of porpoise, 209. 

„ of rabbit, 209. 

,, of sheep, 209. 

„ of BOW, 210. 

„ of whale, 209. 

„ of woman, 207, 260. 

„ Penalty for refusing to sell samples 
of, to inspector, 40, 684, 689. 

„ Preservation of, 261, 

,, preservatives, 234-240. 

„ Propagation of disaase through, 263- 
269. 


Milk proteids, 198. 

„ ,, Estimation of, 228-228. 

,, Quantity of, yielded by cows, 248. 

,, ^le of, fiegulalions, 1901, 46. 

,, Samples of, taken in transit, 40, 604 
„ Seasonal variations in, 246. 

,, Separated, 262. 

„ Skim, 46, 262. 

,, Specific gravity of, 216. 

,, „ „ ,, Kiebmond’s table, 

676-681. 

I, ,, „ „ Vioth'e table, 216. 

,, standards, 46. 

,, strippings, 206. 

,, sugar, 200. 

,, ,, Estimation of, 224-226. 

,, Total solids of, 19.5, 21.5. 

„ tree, 211. 

Milk ldended butter, 274, 276. 

Milk-like secretions of birds and plants, 

210 . 

Milking cows. Food of, 249. 

Millet, 145, 176. 

„ starch, 145. 

Millon and Cominaille’s lacto-proteine, 
202. 

„ and Kckulc’s analyses of bran, 
147. 

Mimosa, 84. 

Mitsbcll, John, 31. 

Mitscherlicb’s ]io arising saccharimeter, 
116,120. 

M'Nair v. Cave, 687. 

Mogdad coifee, 367. 

Moiasan’s method of estimating borax, 
234. 

Molasses, 127. 

Molybdic acid solntion, 681. 

Morins, 76. 

Moritaunic acid, 75. 

Mucedin, 162. 

Mucor mneedo, 166. 

Mulberry, 131. 

Mulder, 28. 

Mule’s milk, 209. 

Mnnk on uon-proteid nitrogen in milk, 
226. 

Munro, Analysis of strawberries by, 
134. 

Mnscarins, 83. 

Mast, 442. 

Mustard, 486-491. 

„ Adulteration of, 489. 

„ Chemistry of, 486, 

„ Microscopical characters of seed, 

486, 486. 

„ Volatile oil of, 489. 

Muter on oiaesification of starches, 140- 

144. 

„ on iodine value of lard, 312. 

„ on a method for analysis of inaoinhle 
fatty acids, 297-298. 

Mntton fat, Melting-point of, 2fi8- 
Myronate of potash, 488. 

MyroaiD, 488. 

Myrtle or Russian green, 84. 
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Kadlib od Q)ilk ash, 20t. 

Kaphthalei^o red, 84. 

,, yellow, 86, 490. 

Naphthol coinpoanda as preservatiyes, 
240. 

,, yellow, 84, 86. 

Napbthylamiue test for iiitritea, 518. 

,, ,, for pi'ppur, 499. 

Natal aiTow-TOot, 141. 

Neatafoot oil, Ri'fraotit)!! of, 289. 

Negri and Faliris, E)Aimination of oliye oil 
by, 612. 

Nophaloinetric method for minute quanti¬ 
ties of earl>on, 5r»l. 

Nesslor and Earth, general process for 
iinalyHiiig wine, 444. 

,, solution, 672. 

,, test in water nnalyHis, 539. 

Ncstle’s hiseuit fo»Ml, 169. 

Neufchatel cheese, 306, 

Neumann, Caspiir, Observations on milk 
by, 28, 193. 

Neutral blue, 88. 

,, red mi thod for isolating R. coli, 
561. 

Night blue, 83. 

Nigrosine, 83, 84. 

Nile blue, 83. 

Nitrates as evidence of watering wine, 464. 
Estimation of, in pepper, 495. 

„ ,, ,, in water, 528-632. 

* in onuesdt 308. 

„ in milk, 242. 

Niirites in water, 619, 623-532. 
Nitrobenzijie, Detection of, in bitter 
almonds, 507. 

Nitro-colours, 81. 

Nitrogen and nitrogenous substances. Esti¬ 
mation of, 97-99. 

,, comiioimdH in cheese, Estimation 
of, 308. 

,, in bread, 163. 

„ in cereals, 148. 

,, in cocoa, 375. 

„ in milk, Estimation of, 226. 

,, in peas. 180. 

„ in tea, 835. 

„ in water, Estimation of, 561. 

,, ijon-albamin(dd, 98. 

„ teble for r^iuction of e.c.'s to 

grammes, 574. 

Nitroso-colours, 62. 

Normandy, A., 20, 32. 

Norwegian condensed milk, 169. 

Notices on shops, etc., relative to purity 
of articles, 37. 

Nuclein, 200. 

Nutmeg, 603, 504. 

„ ArtiHcial, 604. 

„ starch, 142. 

Oaz sawdust, 503. 

Oat starch, 144, 145. 

Oatmeal, 138, 144,145,170. 

,, Adulteration of, 171. 

„ » >. withb»rl.y,J71. 


Oatmeal, Fat of, 171. 

„ gliadiu, 170. 

(Enocyanin, 457. 

(Enolin, 457. 

Oidinm aurantiaoum, 165. 

Oil, Angelica, 401. 

,, Fixed, of mustani, 489. 

,, of almonds, 505, 606. 

,, of oalatims, 401. 

,, of cardamoms, 401. 

,, of coriander, 401. 

,, of bops, 414. 

,, of junii>er, 402. 

„ of mustard, 489. 

„ of olives, 509. 

„ of pepper, 494. 

,, of rice, 174. 

Oleic acid, 197. 

,, ,, iduter’s process of determining, 

297. 

Olein, 196. 

,, Iodine value of, 302. 

„ Holraction of, 284. 
Oleo-refractometer, 287. 

Oleum thcoltroiiife, 365. 

Olive oil, 509-513. 

„ ,, Adulteration of, .510. 

„ „ Specific gravity of, 509. 

„ „ Spectrum of, 610. 

„ stones as an adulterant of pepper, 
499. 

Orange and yellow colours, 74-77. 

Oranges, 132. 

Orelliu, 74, 508. 

Oriel yellow, 84. 

Original gravity of wort, 419. 

Oms-root, 142. ** 

Osazoncs, 103, 104. 

Osborne and Harris, researches on the 
hydi'olytic produete of wheat 
flour, 152. 

,, on wheat proteids, 163. 
O’Sullivan, Eslimation of starch by, 186- 
138 

„ K and R valan, 113. 

pero^ntags of starch in flour. 
188,148. 

„ and Valentine, analysis of 

malt, 411. 

Ox fat, Melline-point of, 283. 

Oxalate of methyl, 891. 

Oxaxines and thiaxines, 82, 88. 

Oxygon absorbed by milk, 205. 

,, in water, 632. 

,, process, standard solution, 672. 
Oxyketone colours, 82. 

Oxypbeninc, Sa. 

PaOHTKHizos angnlatns, 145. 

Fakes, Method for isolating B. coli by, 
562. 

„ on characteristics of milk deposiU, 
267. 

Failadium solution, 572. 

Falmer v. Tyler, 88. 

Palmitic acid, 196. 
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Palmitin, 1!)6. 

Panthaleon’s views on milk, 189. 

Paraffin in margaiinc, 277. 

Paraphenyleue bluo, 83. 

,, violet, 83. 

Paraxyleuo as a solvent in cryoscopic de¬ 
terminations, 303. 

Parmeutier, Estimation of borax by, 235. 
I’arinesan oheuKe, S06, 307. 

Parthcjrs eBlimatinii of glycerin, 455. 
Parturient apoplexy, Milk in, 2;>1. 
Pasteurised milk, 301. 

Pasteur’s researches on formentation, 405. 
Patterns of fats, 279. 

Puvy’s method of sugar titration, 114. 

Pea cheese, 184. 

,, soup, German, 181. 

,, starch, 142, 145. 

,, tablets, German, 181. 

Peach, 181. 

„ kernels, 506. 

Pear, 181. 

Pearl barley, 171. 

Pearmain and Moor, Estimation of fitt in 
condensed milk by, 263. 

Peart v. Edwards, 43. 

Pees, 142, US, 179. 

,, Analysis of, 181. 

,, Chinese, 184. 

„ Copper in, 181. 

,, Poisoning by putrid prt'served, 180. 
,, Preserved, 181. 

,, Tinned, 183. 

Peligot on composition of asses’ milk, 206. 
Pellet on compontion of Chinese |>eas, 184. 
Pepper, 491-500. 

„ adulterants, Composition of, 497. 
„ Adulteration of, 498. 

,, Analysis of, 496. 

. „ Ash of, 495, 497, 500. 

„ General composition of, 49.5-497. 

,, Microsoopieat structure of, 493, 

494. 

„ Nitrates of, 495. 

„ Oil of, 494. 

„ . Redi’s cxpciiments on, 25. 

„ Starch of, 144. 

,, Varieties of, 492. 

Pepfiorcorns, Artificial, 500. 

Fepperers or spicera, ^gulations relative 
to, 8. 

Pepperette, 499. 

Peppermint drops, 121. 

Peptoni^ing bacteria of Kaliscbor, 260. 
Perman^nate, Alkaline, 572. 

,, of {lotash, Absorption co> 

efficient of, 64. 

,, process, 536. 

Peronoapora infeiitans, 177. 

Perroncito, Case recorded by, 256. 
Petcliley v. Taylor, 86. 

PfsfFer-munz liqueur, 408. 

Phaiophyll, 78. 

PharmacopGsias, Establishment of, 9,14. 
Phenol gelatin, 668. 

„ test for nitrates, 624. 


Phloroglucol as a test for olive-stones, 
499. 

Phloxine, 72, 83. 

Phosphates in the ash, 94. 

,, in water, 528. 

Phosphine, 77, 83, 85. 

Pho.sphomolybdie acid, 367. 
PhoKpliotniigstic acid, Preparation of, 228. 
Photography, 66. 

Phthisical milk, 251, 254. 

Piiyllocyanic acid, 1S1. 

Phyllocyanine, 78. 

Phylloxauthine, 78. 

IMiytclephas macrocarpa, 355. 

Pliytolaeca, 467. 

Phytosterol ami cholesterol in oils, 315. 

,, Detection of, in lard, 315. 
Piciui’.s mc‘thod of estimating nitrites, 532. 
Picric acid. 74, 84, 86, 87, 88, 428, 431. 
Picrotoxin, Detection of, 429, 480. 

Piesse and Stansell’s analysis of mustard, 
487. 

Pigeon, Milk-like soevetion of, 210. 
I’lmeuto, 608, .504. 

Piperie acid, 491. 

Pipoiidin, 494. 

I1|ierin, 494. 

I’lacitus’ views on milk, 189. 

Plastering of wine, 468. 

Pliny, 4. 

Plum, 131, 132. 

„ kernais, Goiitout of amygdalin in, 
506. 

Pneumonia, Milk in, 251. 

Poirier’s yellow, 86. 
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Prune, Composititm of, 131. 

Prunier’s method of sej^araling colleo from 
chicory, 361. 

Prussian blue, 87. 

Public analyst, Appointment of, 38, 583. 
593. 

Analysts* Society, 32. 

Pnrehase ol samples, 89, 41, 584, 588, 
592» • 

Purple now wheat, 153. 
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„ sandalwood, 503. 

R^i, Francesco, 25. 

Reduced extract of wine, 458. 

^frutlon of alcohol, 388. 

„ of lard, 811. 

,, of olive oil, 610. 

,, „ ,, „ and cotton seed oil, 

511. 

Refractometers, 284*288. 

I^fuaal to aell, 40. 


Regina purple, 83. 
llegniiuit*s volumeniometcr, 351. 
Reiehort-Wolliiy process, 294. 

,, ,, „ Lelfmann and 

Beam’s modification of, 295. 
Reinhardt’s method of taking melting* 
points, 281. 

Hoinsch’s test for ai sonic, 436. 

Reuniu, 305. 

Hiiporis, Quarterly, of analysts, 584. 
Resorcin as u test for nitrates, 524. 

,, blue, 83. 

,, yellow, 76. 

Rliiuauthin, 153. 
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,, ,, ,, „ „ Amcndinenl Act, 

1879, 588, 589. 
„ „ „ „ „ Amciulmunt Act, 

1899, 592-596. 
,, ,, IIorseHesb Act, 591. 
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,, Tran-smission of, through the ixwt, 
42, 584, 584. 
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Siebcii’s auulysis of honey, 125, 126. 

Silver nitrate, Standard Kolution ot, 572. 
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Skttlweit’s refraction tignreb for butter, 
284. 

Skeleton ashes, 328 
Skim chee8(‘, 306. 
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Smith, Dr. L., Inverted miciwopo of, 54. 
Snyder on composition of flours, 150. 
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Specific gravity, Determination of, by | 
• Boyle, 29. 

„ „ of bnttor.fat, 285, 289. 

„ „ of lard, 811. 

„ „ of milk, 216. 

,, ,, Vietli’y table 

of, 216. 
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• 881. 
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Spirits, Standard of strength of, 85, 589. 
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140>145. 
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Steryl, 284. 
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Stilton cheese, 306. 

Stock’s metliod of detecting beef steurin in 
lard, 816. 

Stokes’ method of detecting gelatin in 
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,, tube, 223. 

Stokes and ^dmer, Estimation of lactose 
in condensed milk by, 264. 

Stone’s study of starclii determination, 
189. 

Storch on composition of batter, 276. 
Stout, Competition of, 406. 
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Streptococci in water, 565. 

Stripnings, 206. 

Stryonnine in beer, 429. 

Stutser’s classificatbn of nitrogenous con- 
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Stypbnio acid, 88, 90, 92. 
fiuiiiDttion of theine, 824, 386. 


Succinic acid, Kstimation of, 464. 

SttCTol, 186. 

Sudan II and 111, 84. 

,, brown, 84. 

Sugar, 103-121. 

,, Atlulteration of, 106. 

,, Analysis of, 108. 

,, as an adulterant of beer, 434. 

„ Ash of, 107-108. 

,, candy, 121. 

,, Oaue, in milk, 233, 264. 

„ Compounds of, with bases, 106. 

,, concretes, Analysis of, 109. 

,, Co]*pcr reducing power of. 111. 

„ Cyanide ])roeo88 of estimating, 114. 

„ Kstimation of, 111-131. 

,, ,, ,, in wine, 456. 

KuU analysis of, 108. 

,, Invert, 105. 

,, K and Rvtdue, 113. 

„ Milk, 200, 224 226. 

,, Davy’s ]>roccss of estimation of, 
114. 

„ Solubility of, 104. 
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,, starch or glucose, Detection of, in 
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Sulphates in milk, 201. 

,, in water, 635. 

„ in wine, 468. 

Sulplio-cyanidos in milk, 201. 

Sulphoiiated aziucs, 83. 

Sulphur in mustard, Estimation of, 490. 
Sulphuric acid in vinegar, Estiuiation of, 
476. 

,, ,, Method of saponification, 

296. * 

Sulphurous aeid, Estimation of, in wine, 
458. 

Sweetmeats, 121, 122. 

Tabahik’s method of alcohol estimation, 
387. 

Table beer, 408. 
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Tallow, Melting-point of, 283. 

Tannin, Determination of, 886, 387. 

,, in brandy, 898. 

„ in tea, 836. 
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Ttirtaric acid, li^timatlon of, in lemon 
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,, „ Estimation of, in wine, 
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Tea, 819-821. 

,, Acts relative to, 16. 

,, Adulteration of, 842. 

„ Analysis of, 88^842, 

,, Bohemian, 843. 

„ Brick, 821. 

Chemical composition of, 328-826, 
840. 

,, „ method of examining 

leaves, 823, 826. 

„ Examination of, by excise, 586. 

„ Extract of, 888, 889. 
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Tea, Facing of, 829. 

,, leal', Structure of, 822. 

,, Microscopical metliods of detecting 
adulteration of, tS27. 

,, Vanniics of, 821. 

TeintiU'ier, a wiiie-coloariug matter, 404. 
Toroonium tctniohlorido us a reagent for 
identifying the fatty acids, 384c. 

Testi, Ludovico, on milk-sugar, IQO. 
Theinc, 823. 

,, Discovery of, by Lci'uwenbock, 27. 
,, Estinintion of, 334-d8r>. 

,, Pliysieol ])ropeiiios of, 824. 

,, Solubility of, 324. 

,, Tests for, 825. 

Theobromiu, 806-368. 

,, Poisonous eifects of, 808. 
Thiiiziiii's, 83. 

Thiazol yellow, 84. 

Thierry, M., SfHJcti-oscojte of, 57. 
Thiolien/vl colours, 82. 

Thiocartninc, 83. 

Thiuflavine, 83. 84. 

Thiouino blur, 83. 

Tbotuson, Estiiiiatiou of arsenic by, 488- 
440. 

,, „ of borax by, 235. 

Tliorpc’s method of detecting cocon-iiut oil, 
308//, 

Tbrosli’s method of e.stimating Kulphnric 
acid in vinegar, 478. 

Tin in pens, 188. 

Titer tests for fats, 283. 

Tobacco, Asb of, 828. 

Toffy, 121. 

Toluiiliue blue, 83. 

Tolnylene red, 83, 85. 

Total solids of milk, 215, 281. 

Tous les inois, 141. 

Traube’s method of detecting fousol oil, 
397. 

treacle, 127. 

Trilmtyriii as an adulterant of butter, 273, 
Trifoliiim butter, 428. 

Trinidad cocoa, 363, 

Tiinitropheiiol (soe Picric acid). 
Tritisecaliiie, 147. 

TropoeoHiie, 76, 458. 

Tschircli’s researches on copper, 181. 
Tubercle bacillus. Detection of, in milk, 
257. 

Tubercular disease, Relatiou of, to milk, 
254-2.57. 

Tuberculosis, British Congress on, 256. 

„ ' Koynl Gomniission on, 256. 

Tunuicliffc, Experiments on copper aud 
]>eas by, 182. 

Turmeric, 74, 86, 87. 

,, in mustard, 490. 

„ stare)}, 142. 

Turmerine, 84. 

Twitcbell's modificition of Jean's proccas, 
298. 

Typhoid bacillus. Characters of, 564. 

,, and milk, 257. 

Typhus, Milk in, 251. 


Tyrotoxicon, 309. 

UJiSrn’s methods of estimating nitric acid, 
627, 680. 

Draniiic, 83. 

Ure, Dr., 28. 

Urea in milk, 203, 229. 

Uroglema, 669. 

Vacuum processes, ,52. 

,, „ fv/restimatingWAterin 

milk, 217. 

Valenta’s test for butter, 279. 

Valentine and O'Sullivan’s analysis of 
malt, 411. 

Valerianic acid, detection of, 384c. 
Vaiidain, Detection of cocoa-nut oil in 
butter by, 30.5. 

Vaudam’s inotliod of detccling cocou-nut 
oil, 303(r, 804. 

Vanilla chocolate, 366. 

V an Kyn, Analysis of Dutch butter by, 304. 
Vaughan, V., on tyi’otoxicon, 309. 
Veabdripping, Mcl(ing*iutint of, 283. 
Vegetable ivoiy in colleo, 366, 367. 

Vornois and Bcctiuerers mvtbo<l of milk 
analysis, 216. 

Vesuvine, 86, 88, 90, 92. 

Victoria blue, 83, 85. 

,, green, 83, 86. i 

,, yellow, 84. 

Vieth, Analysis of butlei(.i)ilk by, 2/1. 

„ „ of cream by, 269. 

„ rat io of sugar, proteids and ash in 
milk, 201. 

„ Specific gravity table corrected for 

temperature byi 216. 

,, aud Richmond on the averagecom- 
position of milk, 231. 

Villenin’s experiments on tubcitile in milk, 
254. 

Vinegar, 473-479. 

„ Adiiltoratioii of, 474. 

,, Analysis of, 476-479, 

„ Cider, 473. 

„ cols, 27. 

,, Grain, 474. 

„ Malt, 473. 

„ Spirit, 474. 

„ Wine, 478. 

Violet acid, 83. 

,, black, 84. 

,, milk, 261. 

,, neutral, 88. 

' Viscogen * crcsm'thiokencr, 270. 
Viscometry of butter, 290. • 

Vitruvius, 4. 

Vivian, Analysis of ripe cheese by, 807. 
Voclcker’s analysis of goato’ milk, 209. 
Vogel, classification of starches by, 144. 

„ Method of delineating spectra by, 
67. 

,, Observations on purj/urine aud 
alum by, 160. 

„ Test for ergot by, 166. 

„ „ for pgro Hour by, 166. 
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Volatile acids in butter, 294. 

„ ,, ,f „ limits, 804. 

,, in mai’gaiine, liraitB, 295. 

„ „ in milk, 229. 

,, in wint*, 448. 

„ organic matter in wabsr, 538. 
Volliard’s mothod of estimating chlorine, 
G22. 

Voltelcnuson milk, 192. 

Vnllyanoz on milk, 102. 

• 

Wallaok on sugar ash, 108. 

Walnut shells, 503. 

Wanklyn’s method of estimating butyric 
acid, 291). 

,, „ of iiiilk analysis, 215. 

,, standtmls (water), 570. 
Warranty niuler Sale of Food and Drugs 
Act, 44, 58.5, .595. 

Water, Analysis and uxaniinatiou of, 

571. 

,, Biological examitiation of, .553. 

,, Oolour of, 518. 

,, ill brewing, 410. 

,, ill butter, 46, 275. 

,, in milk, 231. 

,, Microscopical appairanecs of, 553. 
„ Mineral analysis of, 552. 

,, organic nitrogen, Kstimation of, in, 
^ 561. 

,, Quantitative analysis of, 620. 

,, ^mell of, 416. 

,, Standards of purity for, 569-571. 

,, Total solid residue of, 521. 

Wave leugtlis, 67. 

Weber and Haidlen on comimsition of 
milk ash, 201. 

Woiu’s method of estimating milk-sugar, 

225. 

„ tabb; for estimating milk-sugar, 

226. 

Weiuwurm’s analysis of nitrogenous con¬ 
stituents of cer^H, 149. 

Weld, 86, 87. 

Wollmairs colour test for oils, 281, 315. 
Wensleyc^lo obeese, 806. 

Werner Schmidt, Estimation of milk-fat 
by, 221. 

„ „ Estimation of milk-fat 

in condensed milk, 
264. 

Whale’s milk, 209. 

Wheat flour, 146-162. 

,, ,, Adultemtion of, 156. 

„ ,, Analysis of, 153. 

,, ,, Co’j8titucnt8of,146,147,149. 

„ „ starch, 143,144, 146. 

Whey, Composition of, 810. 

Whidey, 899. 
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Whortleberry ns a colouring matter in 
wine, 462 465. 

Widal’s reaction, 565. 

Wiosner’s measurements of starches, 145. 
Wigner's determinations of nitrogen in 
cereals, 148. 

,, obsorvations on milk-fat, 196. 
Wiley, Estimation of ]acro.s6 liy, 224. 
Willow herb leaves as an adulterant of 
tea, 411. 

Wine, 442-469. 

„ Adulti'ration of, 448. 

,, ,, „ in 16th and 17lh 

centuries, 8. 

„ Analysis of, 448-469. 

„ Ancient mlulteration of, 4. 

,, Ash of, 468. 

,, Astiingent matters in, 456. 

,, Oiianges of, through age, 443. 

„ Colouring luatlers of, 457. 

,, Constituents of, 442, 445-447. 

,, Contamination ol, by lead, 14. 

„ Decree by Provost of Paris respect¬ 
ing, 1871, 10. 

„ Electrolysis of, 467. 

,, Old English Act relative to, 16. 

,, ,, Oorman n>gulations as to, 13. 

„ vinegar, 473. 

„ Watering of, 463. 

Winkler, Estimation of proteid ammonia 
in water by, 640. 

Winton and OgdeiPs table of relation of 
refraction to lil^iss reading, 287. 

Witt and WeingartnePs classification of 
coal-tar eolonrs, 84, 85. 

Wolff on ash of {lotato, 177. 

Woodmann, Analysis of milk by, 282. 
Wormwood bitter, 414, 429. 

Wroblewski’s apjjarutns for extracting 
liquids, 50. 

Xantiiopiiylt., 78. 

Yam starch, 144. 

Yeast, Chemical conipoaition of, 406. 
Yellow, Brilliant, 84. 

,, milk, 161. 

Young on dirtiUation of alcohol and ben¬ 
zene, 879. 

^AiLONis’ experiments on tubercle, 255. 
Zeiss* butyro-refraotometer, 286. 
Ziehl-Ncclsen mothod of staining, 257. 
Zinc in water, 620. 

,, iodide starch, 520. 

Zipperer’s method of determining cocoa 
red, 369. 

Zirconium tetrachloride as a I'eagent for 
identifying the fatty acids, 384e. 
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PART l.-HISTORY OF ADULTERATION. 


L—EARLY NOTICES OF ADULTERATION, 
ESPECIALLY IN ENGLAND. 

§ 1. Bbifoi!E adnlterotion commences, commerce must develop. In prir 
tive states of society,^ there may be knavish tricks, ignorant barterii 
substitufions of bad for good, falseness and meanness of all kinds, t 
no t^itematio sophistication is possible. Again, in the semi-pastoral state 
(as it existed in some parts of ^tland a century agp), in which the food 
of a family is raised from the soil on which they dwell, and clothing pro. 
duoed frcmi their own sheep and spun into textile garments at their own 
Breside, commercial iruuds are unknown or undeveloped. 

There are several notices of ancient sophistications practised by 
Greek and Roman traders; but it .is from the Middle Ages that the most, 
sdpious and interesting materials for a history of adulteration are obtained- 
»a page of history but tittle explored, yet abounding with ourions &etb' 
'inore or less illustrative of the manners of the times. 

The mixing, or, rather, alloying of gold or silver with the baser, 
metals may be justly considered of the nature of adulteration, and has 
. prevailed contemporaneously with the art of coinage. The well-worn tale 
of the detection of the base meital in the crown of Hiero by ArcUraedee, 
some two and a half oentniies iefnro Christ, may be accepted as prolMbiy 
'-the earliest scientific detection bf addlteration. The process used l^th«-, 
lAllomher of Syracuse, when iBsoharging the duties of a puiftc 
lor llidisg the specific grayity, is quantitative as well as qualitatlMi^ 


Sr . 


tblsgi iwgin low. Astronomy begun u setrology, and when trade I 
Ma.BUSsEhan been even nun triokery about it than there is now. Coneeive « 

Sui^ n of nolnacUe tribea engaged in perpetnal warfare. It ia a-commen»«f kflUtiglL 
Kw.Vlba distm &e richer asm or laign paaseaaioiu of another, the method hf'SK 
“'‘-^-te 'flmt other: but at last there nses a tribe too weak ot'tooi'.peaoaftd-^ 
k, aad-it premm to krter, it choUengea its neighboon to a oonteat bf ■ ' ' 
togrtihauvantegeSHeaohotheTin bargains, they baggie and oheat; itlr 
i|K4dhnitit laths hqdhning of oommeroe and {waos,”—Anaonelo^, by T' 
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ftni though purely physical, is used daily-by all engaged ini’practical 
chemistry. * 

“ Vitruvius,' in his work on architecture, describes the adulteration of 
minium with lime. He also gives a simple process for its detection: heat 
to redness on a shoot of iron; if pure, it will blacken, but on cooling 
return to its former hue. 

Dioscorkles alludes to the adulteration of opium with gum and with 
the milky juice of glaucinm and lactuca. The tUt for distinguishing the 
pure from the false was primitive: the opium was to ho burnt; if pure, 
the flame was clear and brilliant, hut the adulterated burnt with difhculty. 
The quality of the opium was also to bo judged by its behaviour when 
exposed to the rays of the sun; when opium of good quality liquefies, it 
looks as if it had just come from the plaut.^ He also specifies the 
adulterations of several drugs; as, for example, the mixing of styrax rosin 
with styrax sawdust. 

Pliny, among other matters, alludes to the frauds practised by bakers; 
for they added to the bread a white earth, soft to the touch and sweet 
to the taste, which was obtained from a hill called ‘Leucogee,’ situated 
between Pozzuoli and Naples. It has been suggested that the white earth 
was carbonate of magnesia; this is doubtful.^ 

He also speaks of the adulteration of aerago (under which name was 
confounded both the acetate and sulphate of copper) with shoemakers’ 
black atrammta sutorium, and gives a true chemical method for its dis¬ 
covery. Paper is to be soaked in the juice of galls; if the aerugo is pure, 
it will not turn the paper black. Another method was to put the sub¬ 
stance on a sliect of red-hot iron; if sulphate of iron had been added, it 
became covered with simts.' 

The adulteration of wine in Athens necessitated the appomtment of a 
social inspector, whose duty it was to detect and stop these praoticea 
Greek history has handed down the name of one Canthare, who excelled in 
ingenious mixtures, , and knew how to impart the flavours of age and 
maturity to new wines. His ingenuity was such that it was commemorated 
in the proverb, “ Artificial as Canthare.” 

In Borne, also, wine was much tampered with; even the rich, according 
to Pliny, could not obtain tfie natural wines of Falemo, for they were 
adulterated in the cellars; and certain wines from Gaul had an artificial 
colour given to them by means of aloes and other drugs.^ ' ' 

§ 2. In our own country, and in Europe generally, from the eleventh 
century onwards, the bakers, the brewers, the ‘pepperers,’ and the 
vintners, were most frequently accused of corrupt practices. 'We mast 
not, however, judge too harshly-of the tradespeople of that epodh, fsN'’ 
morality was generally Tow, and adulteration an innocent pastime 
compared with the frequency and magnitude of midday highroad rolfoe^ 
and midnight violenoo. ' ' - i, 

In the latter part of the twelfth oeniji^, that which would 'notf 
Oalled crime became the favourite amusement of the principal citize^ 
“who would sally forth by night, in bands of a.hundred or more, 
attack upon the houses of their neighbours. They killed without men^’ 
every man who came in their way, and vied with each other in brutali^., 
. . , False weights, false measiires, false pretences of all kinds wece-toa 
instrumeUts of commerce must generally in uSle. No buyer wou]d^tr{^ 

' Vitraviiu, i. be. c. 13. ' ' Dlotcaridea, iv. 35; Plinv, zx. 73, 

• Pliny, ivifi. 29. * TOny, xxav. * Op, tit. 
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lie. word o! a seller, and'lliore'was hardly atty*class in which a n£n (bight 
lot with reason suspect that his j^ghbour intended to rob or evedf to 
nurder him.”* 


Assizes of BitBAii-'BAESiis. 


§ 3. The sale of bread was regulated in England as early ns the fourth 
year of the reign of John, by wdiat was called the ‘ Assize of Bread,’ the 
original object of which was to regulate the price of bread by limiting the 
profit of the baker on each quarter of wheat, so that the price of the loaf 
should bear a certain proportion to the price of the quarter of wheat. The 
assize of John’s reign continued in force until 12B6, when it was repealed 
by ‘ The Statute of Ateize.’ 

Ther» were various modifications of those assizes, and they were finally 
abolished in 1815. The ‘Assize of Bread’ in its influence was probably 
the exact reverse of what was intended. On the one baud, the develop¬ 
ment of trade was restricted injudiciously, and, on the other, the bakers 
often suffered uiqustly, and, therefore, had a direct inducement to recover 
their losses by nefarious practices. Although, at the institution of the 
assize, adulteration with foreign substances was not the main object of the 
regulations, yet, as time went on, and the sins of the bakers, both male 
and female,^ accumulated, clauses with regard to the adulteration of bread 
were inserted, and the later ones may be considered collectively as the 
ancient English ‘Sale of Food Act.’ The assize of 1682“ eontained the 
following:—“ If there be any that by false nieanos useth to soil mcale: 
for the first time he shall bo grievously punished, the second tyine he 
shall lose his meale: the III tymo be shall foreswere the towne, and so 
■likewyte the bakers that offende. Also, bouohers that sell mesell porke or 
mozen fissche: for the first time they shall be grievojudy amerced, for the- 
second tyme so offendinge they shall have the judgement of the pillory, for 
the third tyme they shall be comytted to ptyson until ransomed and the 
fourth tyme they shall forswere the towne, and thiu ought other trans¬ 
gressors to be punished, as cooks, forestallers, regrators of the markets 
■when the cookes serve, roste, bake, or any otherwyse dresse, fysche or 
flesche unwholesome for man’s body.” 

The assize of 1634 had some stringent regulations with regard to 
musty meal:—“ If there be any manner of person or persons, whioh 
,shall by any false wayes or meanes, sell any meale unto the kinge’s sutgedts, 
ffltber by mixing it deceitfully or [sell any] musty or corrupted meal, 
which may be to the hurte and infection of man’s body, or use any false 
weighty or .any deceitful wkyes i% meanes, and so deceive the subject, for 
Amt offence he shall be grievously punished, the second he shall lose 
‘I Us toto^e, for the third offence he shall suffer the judgement of the pillory, 
tto fourth time he sljfdl forswere ^e towne wherein he dwellelh.” . 

” • Tfilse eitrai^ give some idea of tSe punishments inflicted on dMioneat 
|f|b>dEeiS'(hiring the Middle Agra in England. First offences were often 
r^l^ted' by corroral chastisement and exposure in the pillory (generally 
tope sgia a lchf round the neck); fourth, and even third, conviotidia 
'v- \A Sittory <(f Orime, by Luke Owen Pike. ' •. 

'' * The baken, aa well as the btewera, were cf both sexes. 

C,....'Jrha title runs: "Here b^nsetb the boke named tbs assyse of bread, what fl! 

weye, after tlie piyoe w a quarter of wheat, also the assize of ale, with' ah 
Muawr of tmod and ojjte, limi, bolaide, and iymbar, and the weight of butter and abe^‘ 
iMiittiilsd.diy Stoniaa Wyoto 1683.” 
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vere oonfiderecl 8o heinous ^tbat it was thought better to oast the mao 
forth from the oity to cam his livelihoo^jelsOwhore. 

Jn the curious paper entitled “A Quip for an Upstart Courtier,”* then 
is a powerful and quaint expostulation with the different traders:—“And 
for yon goodmau tekor, you that love to be seen in the open market-plao« 
upon the pillory, the world cries out on your wiliness; you crave but on< 
deere yeare to make your daughter a gentlewoman. You buy your comf 
at the best hand, and yet will not be content to make your bread weight 
by many ounces. You put in yeaste and salt to make it hoavie: and yei 
all your policie cannot make it. The pooro crie out, the riche find fault 
and the lord maior and the slieriffs, like honoiuable and worshipfu 
maiestrates, every daie walk abroad and weigh yonr bread, and yet aL 
will not serve to make you honest men. But wore extremities used and 
the statutes put in the highest degree- in practice, you would have as few 
eares on your heado as the collyer.”'* 

The manner of adulteration seems to have varied.^ Sometimes the 
bread was made altogether of ‘ putrid and rotten materials,’ sometimes it 
was good outside and bad within, and as for,the addition of alum or 
mineral matters, such was only detected when in considerable quantity 
and coarsely done. The more artful mixtures required for their detection 
the application of a chemical science not then possessed. Thu following 
may serve as examples of a few of the earlier instoncos;— 

One “Alan do Lyndseye, baker, was sentenced to the pillory because 
he had been convicted of baking pain demayn that was foiuid to bo of bad 
dough within and good dough without^ and because such falsity redounds 
much to the deception of the people who buy such bread.” 

The same laker seems a few days afterwards to have been again in 
trouble, for “Alan de Lyndseye, baker, and Thos. de Patimere, '’oakcr, 
were taken and brought before the Mayor and Aldermen, and sentenced 
to the pillory for selling bread made of false, putrid, aud rotten materials, 
through which who bought bread were deceived, and might bo killed.”* 

A similar fraud is recorded at perhaps an earlier date (a.d. 1311), for 
“the bread taken from William de Somersote, baker, on the Thursday next' 
before the feast of St Lawrence (.Aug. 10) in the 6th year of the reign 
of Ring Edward II. was examined and adjudged upon. . . . Because it 
was found that such bread was putrid and altogether rotten, and made of 
putrid wheat, so tliat persons eating that bre^ would be poisoned and: 
choked, the Sheriff was ordered to t&e him and have him here on Friday 
next after the Feast of St. Lawrence, then to receive judgment for rile 
same.”* 

Mr. Pike, in his Hidaryof Cnme,^ speaks of loaves being, a(hrit«ia^; 
in the Middle Ages by lumps of iron, probably referring to tlm 
ease:—“ On Wednesday next after the Feast of St. Matthew the Apoifiis’ 

■ * The “Quip for an Upstart Oourtisr” was writtoB in ^#2. The origiaalixlBMint 
letter. 

’ The sanitsiy etate of the bakehonaee in the fifteenth and sixteenth eentoriStilw. 
-«e a rule, bad. Icoording to Mr. Pike, they appear to have been the favonr^ leSrafta^ 
far deed bodies after a murder had been oommitted, A Sielory of Ortnu, 

Owen Pike. M.A., Vol. I. p. 26ft. ' Ail 

* In the reim of Edward I. it was enacted at one of the ‘ Hallaote,’ ijiitt hd-l aW 
riunfid be ooatM with bran, or eo aa to be found worse whmi broken thim it wtt 

fdmnalt Lmdm, by H. T. BOey, pp. 120,121. 

•Oltrii. ^VoLlp.M5 



(lltS of Sept, *.D. 13i7), in»'Ae 11th year,* Eiohard fortor, 

^oha Oibbe, baker, of Stratforde, wa^brought here before Nioholae KxtMiei,. ' 
Kayor of the said city, John Hafife, and other Aldermen, and quoetioneid 
for that when the same Mayor on that day vent into ohepe to make aasay 
there of bread, according to the custom of the city, he, the said Bbbort, 
knowing thq^ the bread of his master in a cejtain cart there was not of full 
weight, took a penny loaf, and in it falsely and fraudulently inserted a 
piece of iron weighing about Bs, 8d, (4 os.), with intent to make the smd 
loaf weigh more. ... He was sentenced to the pillory with the loaf and 
iron round his neck, and the cause of the punishment was proclaimed 
,^y thj Sherifls.”' But the placing of a mass of metal in a loaf under the 
bironmstances rcconlcd is somewhat different from adulteration, for the 
man slipped in the iron to avoid a conviction for false weights. 


Bbbwbrs asd Vintners. 

§ 4. Beer. —^The fraudulent practices of the early brewers are thus 
detailed in the Blaok-lcttor Tract before mentioned:—“ And you, maistcr 
brewer, tliat grove to be worth forty thousand pounds by soiling of soden 
water, what subtilty have you in making your beero to spare the malt, and 
put in the more of the hoppe, to make your drinko, be barley never so 
oheape, not a whit the stronger, and yet never sell a whit the more measure ■ 
for money. You can when you have taken all the harte of the malt away, 
then clape on store of water, ’tis cheapo enough I and mashe out a turning 
of small bcere, like rennish wine: in your conscience how many barrel 
draw you out of a quarter of malt) Fie ! fie! 1 conceal your falsehood, 
least wl should be too broad in setting down your faults.” Not only the 
brewer but the retailer of the beer was also condemned. 

“ Last to you, Tom Tapster, that take your smafl Cannes of beere, if 
you see your guests begin to be drunke, halfe smal and halfe stronge; you 
cannot be content to pinch with your small pottes and your ostrie faggots,', 
but have your drugges and draw men on to villany and to bring customers 
to your house, where you sell a joint of meat for xii. pence that cost you. 
scarce six, and if any chance to go on the skore, you skore him when he is-, 
asleep and set up a pot a day more than he hath, to find you drinking pots 
with your companions. To K' short, thou art a knave I ” 

As early as the reign of Edward the Confessor, we find it recorded in. ■ 
; Pomesdoy Boo| that in the city of Chester a knavish brewer, “mabm. 
eerevisiam/aeietu, in eathedra ponebatur Oereorit ”—in other wmds, toe - 
.offender was taken round tite town in toe cart in which the refuse (ff the 
'{Alice had been collected, igimfio 'thia degradation was often added corpora} j 
■ehastasement 

In many towns in the ^teento century we find ‘ale tasters,' whose . 
duty it was to inspect the beer. ■; 

ui 1929, for example, the Mayor of Guildford ordered that the breweifs': 
ttslce a good useful ale, and that they sell none until it bo tasted by"^^ 
)f^taster.’ These officials had to take the following oath:—“You 
ale-tasters of this town. Yon shall well and truly serve his 
iad' fi]|!s town in toe same office. You shall at all times try, taaf^ian^ 
'uijMiK toe beer and ale to be put to sale in this liberty, whether toe iUdlm 
i^^^baome for man’s iftdy, and present those that offend, or 

' > Bi}iar% MmarMi nf Brnim, n. 493. 
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suffer yotf to assay it. You shall give youf atteiflanco at all courts, anc 
present from time to time the offondisir^ and all things else belonging tt 
yoijt office you shall do and execute.' So help you God.” The ale wai 
not only tasted, but some of it was spilt on a wooden sent, and on the we( 
place Ihe taster sat, attired in leathern breeches, then common enough. Il 
sugar had been added to tha beer, the taster became so adherent tha1 
rising was difficult; but if sugar had not been added, it was then considered 
that the dried extract hod no adhesive property. A less coarse, but not 
dissimilar, method was also applied by the earlier Inspectors to test the 
purity of milk. 

§ 6. Wine.—The frauds of the vintners or wine-sellers attracted some 
share of public attention in the sixteenth and seventeenth centuries, as 
shown by municipal records, fugitive tracts, and broadsides. In August 
1663 a certain Paul Barnardo brought into the jwrt of London some wine, 
aud there is extant an order in council directing the Lord Mayor to find 
five or six vintners to rack and draw off the said pipes of wine into another 
vessel, and to certify what drugs or ingredients they found in the said wiue 
or cask to sophisticate the same.^ At a later date the records of the Common 
Council contain a certificate from the Lord Mayor to the Ijords of the Council, 
stating that tlie wines of a certain ‘ J’eter Van Payne ’ had been drawn off 
in his presence, aud that in eight of the pipes had been found bundles of 
weeds, in four others some quantities of sulphur, in another a piece of 
match, and in all of them a kind of gravel mixture sticking to the casks; 
that they were conceived to be unwholesome and of a nature similar to 
others formerly condemned and destroyed.* In The Search after Claret, 
by Bichard Ames, a thin quarto, the last leaf is occupied by the following 
advertisement:—“ It any vintner, wine-cooper, etc., between Whitechapel 
and Westminster Abbey, have some tuns or hogsheads of old rioli un¬ 
adulterated claret, and will sell it as the law directs for sixpence a quart, 
this is to give notice that he shall have more customers than half his pro- 
fajj ifln, and his bouse be as full from morning to night as a conventicle or 
Phstminster Hall the first day of term.”® 

Later, the vintners became more scientific in tlicir operations. Addison 
(in the Tatler, No. 131, 1710) alluded to a eertain fraternity of chemical 
operators who wrought underground in holes, caverns, aud dark retirements 
to conceal their mysteries from the eyes and olwervations of mankind. 
“These subtle philosophers are daily employed in the transmutation of 
liquors, and by the power of magical drugs and incantations raise under 
the streets of London the choicest products of the hiUs. and valleys of 
France; they squeese Bordeaux out of the sloe, and draw Champagne from 
an apple.” 


Bpicas— Dbuqs. 

, § 6. The London pepperers, or spiceie, formed a wparate guild, ^d were 
-under special ordinances. The ordinance, a.d. 1316, in Norman-Fienoh,, 
has the following regulations:—“ No one of the trade or other person hi 
his name for lum, shall mix any manner of wares, that is to say, shall put 
old things with new, or new things with old, by reason whereof the good 

* Bemfmbmncia, vii. 92. 

* Stmenityrmeia, viii., 12th July 1G3E. 

* “The SetiBih after OUrot, or a Visitition of the Viatneis.” A poad'fn'^if^ 
Csatoi. Second ed., London, 1697, ito. 
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thing may be imparred'by the old, nor yot tSinge of one price,*br of one- 
.sort, with other things of anethet #ort; also, that no man shall dnbany 
manner of wares, that is to say, putting in a thing that was in another 
bale, and then dressing the. Ue up again in another manner th^ the 
former in which it was first bought, so ns to make the ends of the bale 
contain be^r things tinm the remainder within the bale, by reason 
whereof the buyer may be deceived, and so lose his gooda Also that no 
man shall moisten any manner of merchandise, such as saffron, alum, gifiger, 
cloves, and such manner of things as may admit of being moistened; that 
is to say, by steeping the ginger, or turning the saffron out of the sack 
and then anointing it, or lathing it in water; by reason whereof any 
manner of weight may, or any deterioration, arise to the merchandise.* 

In England the trades of the dniggist and the grocer were combined. 
Drugs a*id groceries were sold in the same shop, and they were under the 
same regulations until 1617, when the apothecaries separated themselves 
from tho grocers. Very soon after they had become a distinct body they 
began to complain of the frauds and artifices of tho grocers, from whom 
they continued to be supplied with many drugs, and therefore established 
a dispensary for tlio purpose of compounding tho more imiiortant prepara¬ 
tions themselves. In 1640 tho physicians were empowered to search, vidw,. 
and see tlio apothecary wares and stuffs, and to destroy such as they found 
unfit for use. hi 1653 very extensive powers were conferred on the 
College of Physicians for this purpose. “ The four censors, or any three of 
them, shall have authority to examine, survey or govern, correct and 
punish all and singular physicians and practisers in the faculty of physic^ 
apothecaries, druggists, distillers, and sellers of waters and oils, and preparers 
of chemical medicines, according to the nature of his or their offences.” 
The gi'eat power of the censors was on more than one occasion abused. In, 
1724, for example, they burnt the drugs of one ‘ Ooa^mn,’ the drugs npt 
having been examined, and the history of the whole affair showing that 
the act was merely a gratification of private spite, Goodwin petitioned 
Parliament, and ultimately, it is said, obtained £600 compensation. 

The College of Physioians compiled the first Pkarmaeopcsia, and 
published it in 1613. Subsequent editious bear the dates of 1621, 1632, 
1650, etc. As may be expected, the early editions contain lists of very 
absurd and superstitious remedies, and have no pretensions to a scientific 
character.’ 


II.-ADULTE11ATION IN FIIANCB. 

§ 7; In France, from very early times, tho general supervision of pro- 
Ymon^ as to purity and quality, and the inspection of weights and 
^measures, were under the ‘police des eonmimaree,’^ and various speeid 
Statutes were mi'acted from time to time. Thus an ancient statute (1292) 
kd tito Paris breweirs forbade the adulteration of beer; “ whoever put into, 

I fUloy's MemorUUe of Lmdm, p, 120. 

’ See Uietorml Sketch of tU Hittory of Pharmacy, by Jacob Bell, tondon, ISfib 

• "LapoHeedaooiiimineoMea . il est de leun miitu defalrepunir le dibit 

viara cerrugunis, allerea, faMfex, let faux poida el lea fatix meaurea."—TraiU dt'ta 

' BiU-. J- T- S 72.. : 
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baer bayof pimento' or‘jwtafVewws’ was td^be fiiftd 20 ftanos, and ^is 
branitu wore to be confiscated, for snob things are neither good nor loyal 
to put in beer, for they are bad for fcie head and for the body, for the 
healthy and the sicL” A later statute, dated March 16, 1630, among 
varions sanitary provisions, forbade the use of buckwheat, “yvtoye or 
other bad matters under a penalty of 40 Parisian pounds.” Judges were 
also to examine the materials before use, in order to see that there was 
nothing in them impure, heated, mouldy or spoiled. If such were found, 
the materials were to be oast into the river.* 

§ 8. Flour and Bread. —There were various special regulations as to 
flour and bread; by an Ordomamx of the Provost of Paris, October 11, 
1382, the miller was to grind the com without mixing it, to increase his 
■fee, with bran, pease, beans, or anything else save that which had been 
given him to grind.^ Later, by a decree dated July 13, 1420, the> bakers 
vtere forbidden to be millers, it being thought that if they ground the 
wheat as well as made it into bread, there would be facilities for fraudulent 
dealing. The punishment of bakers for false bread—whether the falschess 
wore admixture of foreign substances, the use of damaged flour, or simply 
light weight—was very similar to that of English bakers, except that it 
partook more of the character of a religious penance. Thus, in 1525, a 
baker convicted of ‘ false broad ’ was condemned by the court to be taken 
from the Chatelot prison to the cross before the ‘ Eglise des Carmes,’ and 
thence to the gate of Kotie Dame and to other public places in Paris, in 
his shirt, having the head and feet bare, with small loaves hung from his 
neck, and holding a large wax caudle lighted, and in each of the places 
enumerated he was to make ‘ amende hemorahle,' and ask mercy and pardon 
of Dod, the king, and of justice for his fault.^ False weights were also 
often punished by corporal punishment. In 1491 the case of three bakers 
is recorded, who, having been convicted of selling loaves ‘too small,’ were 
. stripped and beaten wi& rods through the streets of Paris, and were ad¬ 
monished for the future to sell the three kinds of bread ordered by the law, 
of the weight and quality they ought to be.* In still later times, we find 
the practice of the-courts remarkably severe. In 1699 a baker named 
Pasquier was convicted of converting into bread bad and unwholesome 
flour. Sacks filled with good flour and others filled with bad had been 
found on his premises, and it was affirmed that he had mixed the two 
together. He was fined 500 livres, bis oven demolished, and his shop 
(dosed for six months, with a placard upon it stating the crime and the 
punishment.^ 

■ § 9. Fine.—A curious decree of the provost of Paris, in 1371, oompellSd 
the tavern-keepers to pennit any one who purchased wine, whether'fii>ix|; 
drunk on the premises or taken away, himself to see the wine dbavni 

"La jiolia da mmmiaaira vieUoitnt la MareKiz, et il eMil d» Uurt 
fretuter Fabondanee da vivra el da mitra provtitou aSMUofm d la niiiidlMtadei 
He empeehoietU Ju’d ne s'y eommitl auemufrauds inif «n la giialiU au au prig-, 
ml su paid} on en la mesure, ile atoimt prine^iletpei^eluirges de k dmner bm la 
toitu arigard des graim, dn pain, de la viande, el du vin." tie. eit. 

. * “ Que nvl mouanier ne soU ri oei ne ti htrdy our guangue ii ee peut mefairt mum, 
' k TOg, en eenpe, U en liens, de mealer, mattre on fair mettre <n aveune manilre afiariaai 
~ da him ju’ib moudront aveune mixtion ou males, pour rendre plus grande mauture^ 
emme de Iran, ^orge, depoia, defiva, ou antra thoaea mitleongua, gut ne aott du jdd 
gad lear sera bailie.".—TroiU de la Poiia, t. ij. U% y. tkn ix. t 

• .Train de la JWia, tome ii. livTe v. titre xfi. " 

* to. cK., tome ii. line T. title xiL 

A. to- cib, t. i line iv. title iv., p. (70. 
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ai« o^k. Thw penalty Tpasriw negieoi or aiMbedienoe to this^w, foot. 

•Parisian pounds, one-fourth of•whifijpwont to any informer. • 

An Ordonnanee of January 30, TSSO, forbade the mixing of two wmea . 
together: no wine-seller was to give a false name to a wine, or to_ give a 
wrong description of its age; the penalty was oonfisi^Km of the 
a fine. Sinnlar edicts were promulgated lOeHlo, IoSj, ana 107-. cstiii 
the evil did not diminish, and in 1708 two hundred inspectors of wine and 

drinks were appointed in Paris. , , lui 

The ‘Baillio’ of Bergheim, in 1718, had condemned to a montna 
imprisonment one Andr^, who had falsified his wine with some psonous 
plant (probably belladona), and his wife, who had sold the wine, to a 
month’s imprisonment, and a fine of 130 livres. Ihis wine caused tM 
death of one person, and the illness of several who had partaken of ifc 
The sentence having been annulled on the apifcal of the condemned ^ 
Superior Council of Alsace, Andr6 and his wife were ultimately o^er^ to 
be led by two sergeants for one day through the streets of Bergheim, 
carrying placards both before and behind, with ^frelateurs de vm printed 
thereon. They had also to pay 30 livres fine, “pour/aire prvr I^pMr 
le repoB de I'dme du d^ftmi,” and the fine of 130 livres, pronounced by toe 
first judge. The council promulgated a very severe decree direotoa 

"gainst such practices. . , 

It was also forbidden to adultemto wine with litharge, Indian wood, 
singlass, ‘ ramn de bide,’ or other drugs, or mixtures capable of injuring 
he health of those who drank the wine, under a penalty of 500 livres and 
lorporal punishment. Kven the possession of matters likely to be used 
or adulteration was an offence. So late as 1710, one Denys Poroher and 
lis wife were convicted of conveying barrels of ‘vin de rainn de bins mto 
Paris? They were fined 30 livres, the four barrels of wine were s^lt on 
;he pavement, and the sentence placarded in Parjp and-various places 

An OrdovTumce^ of the provost of Paris, dated 
November 26, 1396, forbade the colouring of butter with ‘saucy flowa^ 
ether flowers, herbs, or drugs. Old butter, likewise, was not to he muea 
wito new, hut the sale was to ho separate, under penalty of oonfiscatKa 

ind fine, a ^ 

The ancient laws of toe merchant buttor-sellere and fniitcrers, oonfirmeo 
in 1412, reiteiated the above, and also forbade toe sale of butter in UH 
same shop in which fish was sold. The retail or sale of butter by spicew 
chandlers, apothecaries, and generally by all carrying on offensive tradea 
ataa illegal. A subsequent enactment in 1619 confirmed this law. ■ 

• 111. Dntgi.^The drc^-eellers were also under regulation, and withou' 
dwht their praotioes, with regard to sophistication, were quite on a pur wM 
of other trades. Oairgantua in Paris is mode to visit the ah^ o 
dmggiBtB, herbalists, and apotoeoaries, where he “diligently conaidertx 
the fifuita, roots, leaves, gums, seeds, the grease and ointment rf 
forrign parts, as also how they did adulterate them— t,e., all toe Si^ 

drug*.”* - • 

In the Middle Ages the French apothecaries were at first oonfoundja, 
aAd amalgamated, as in England, with the merchant spicers; but in 177T 
i&s two trades wore sepawted, and they formed a definite body. In vi4 
jifiMBto century the shoja were little more than open booths, as may-^^ 

1 de la Peliee, tomo i. lina iv. titre 
■ tm^aie, eixiv. p, B3. 
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seen from®a miniature in ‘£e Mgim det Prince^ a manuscript of tin 
fifteenth century, preserved in the Arsi^aJ Lforary, Paris. 

Philip VI., its early as 1336, issued a reguiation hy which no one couh 
be an apothecary unless he was a bom or naturalised Frenchman, and i 
good Catholic. According to the law, neither the spioers nor thi 
apothecaries were permitted ito employ in the preparatio .1 of thoi 
medicines, drugs, confections, conserves, oils, or syrups, any sophisticatc< 
or exhausted or corrupted dnigs, under penalty of a lino of fifty livres, an( 
the seizure and burning of the merchandise thus adulterated in front of 
the dwelling in which it had been found. 

Charles VIII. released the apothecaries from some of the strict regula¬ 
tions of earlier times, and liotli he and his successors were the authors of 
many edicts relative to the apothocarios and spieers; besides which these 
trades were regulated by local enactments in different towns. 

§12. Gorndb de StduiyiiU'i. —In 1802 the ‘ ConHeU de Saluhril/i’ was 
established in Paris. It originally consisted of oidy four members, and 
took cognisance of adulteration, epizootics, unhealthy trades, and a little 
later of the administration of prisons and public charities. Afterwards the 
GoMfU had the direction, generally speaking, of public hygiene. 

The Ooneeil de Saluhrife of the Seine in its later dovolojimcnt was corn- 
nosed of fifteen titular and six supplementary members, including also 
leveral honorary members, with othere, who, by virtue of their office, wore 
nerabers of the committee. These were, the Dean, the Professors of 
Hygiene, of liCgal Medicine, and of the Faculty of Medioiuc, a Member of 
ihe ‘ Gotmil de Sante des Armks' the Director of the School of Pharmacy, 
the General Secretary of the Prefecture of Police, the Inspector-General of 
the bridges and causeways, besides engineers, architects, and the chiefs of 
the police departments. Most of the provinces followed the example fif the 
pamtal, and established ' Oometle de Salulrritk’ All these boards, whether 
■Hl^al or Parisian, had one essential feature in common—viz., that the 
Ip^Q, veterinary, and chemical professions were always represented on 
Whatever expert a town possessed would probably liave a voice, 
find a seat in the ‘ Ocniml de SeduhriU.’ From these health boards, 
or committees, very excellent reports have emanated, and they continue at 
the present time to do nsef\d work. 


m.-ADDLTERATION IN GERMANY. 

. § 13. If we turn to the records of Germany, we find that all those who 
adulterated foods or drinks in the Middle Ages were punished severely, with 
piwful and dishonouring penalties, such as public exposure of the fraud 
and whipping at the gate. The earliest re^atitnis' related more to the 
goodness of the work and the general quality of the goods produced than 
to adulteration. Every considerable trade was a little corporation, and 
bad workmanship or falsity in the goods offered was an offence agunst 
the guild itself; the memto was consequently expelled or punishra ^ 

r A smsll work, Der Kampf ger/en dit LebmsmiUetfilschmg wn Avagang daUiti^ 
aUtra sum Bitdadea IS. Jahramderta, by L. Wasaemunitv M^z, 1879, oontshuSMn 
very interesting ]jsrticulsni with re^rd to the regulations in pmotioein ^yjp||||i 
both an to Geoonl Hygiene and the Adnlteraffon of Food. 
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the offideis of the gui!9. F<fr example, in 1272 the two sworn*raaateri of 
•the bakers’ guild at Berlin Wenj^lield responsible for seeing that feood 
bread was baked. The tailors of Berlin and the bakers of Basil exolnded 
a man for ever from their respective guilds if guilty of bad workrajmship 
(1333). The Berlin weavers, not quite so severe, excommunicated the 
oifeudcr against their regulations for one year (1295). The false butcher 
at Augsbimg (1276) was expelled from the city for a month. In Nurem¬ 
berg almost everything was regularly inspected; there was a ‘ Bdekertchau’ 
a ‘ Safransdim,’ and a ‘Schau,’ with regard to brandy, drugs, syrup, hops, 
roses, tobacco, iron, meat, salt-fish, honey, leather, and many other things! 

It was at a ‘ Safransdtau’ in 1444, that one Jobst Fendeker was burnt, 
together with his false saffron, and in the following year two men and a 
woman were bviricd alive there for the same ofiTonoe.' 

In *11 the cities of Germany there were copious regulations with 
regard to three things—bread, wine, and drugs. 

§ 14. Bread. —In Nuremberg, in the fifteenth century, the baker was 
not allowed to mix the different kinds of com, which must be baked 
separately. In Augsburg, it would appear that there were no less than 
six different kinds of bre^.^ The punishments for offending linkers were 
various. In some places the delinquent was put in a basket at the end of 
a long pole and ducked in a muddy pool, similar treatment to that which 
in England befell ‘the Scolds.’ 

§ 15. Wine .—According to an old Augsbuig chronicle, it was in 1463 
that the adulterated wine of the Franks first appeared in that city; but 
there is abundant evidence to show that wine had been tampered with 
previously, and in 1390, one Ludwig von Laugonhaus was sentenced to b« 
led out of the city with his hands bound and a rope round his neck 

■ becadse of his practices in the adulteration of wine. In 1400 two wine- 
sellers wore branded and otherwise severely punished, and about the same 
period a special law enacted forbidding the sulphuring of casks, the 
colouring of wine, or the addition of sugar, honey, or other sweet things. 
In the year 1435, says the old chronicle, “were the taverner Christian 
Corper and Ids wife put on a cask in which ho had sold false wine, and 
then exposed in the pillory. The punishment was adjudged because they 
had roasted pears, and put them into new sour wine, in order to sweeten 
the wine. Some pears were hung round their necks like nnto a Pater¬ 
noster.” It further appears that they narrowly escaped being burnt . 

In 1451 the city of Cologne made a strong representation to the 
governing body at Antwerp on the prevalent adulteations of wine. At 
Biebrich on the Ehinc, in 1432, a falsifier of wine was condemned to 
drink six quarts of his own wine. He died from the effects.^ In the 
fifteenth century at Ulm, every tavern keeper had to appear at stated 
times before the sheriff {Stadtrediner*} and swear that neither he, hie 
wife, his children, nor any one else in his name, had mixed with the wine^ 

■ woad, or extract of woad, chalk, mustard-seed, clay, ‘ Seharlaekhraut,' 

■ must of apples, lead, mercury or vitriol; no water miglit bo added, and' 
the same wine was to be retailed as bought. The Siadtrechner bad also to ' 

r Henry 11. of France enacted that if eaffron was adulterated, the offenders Should. 
be nuhished Iw corporal chastisement, the drum oonfiscated and burnt 

' yUma, Oeeclaishte der Stadteer/amaigin iUtUadUand, Si. III., >. 2i. 

• In some places in .very early times, the regular legal penalty was capital pnniSIr',,' 
- ment { for exampls, in 1269, The law of Bipen punish^ the seller of fsiso honey, sad.'. 
.. wax with death. • 

,-,*^Peihapa ‘ Stadtreohner’ might ho tnmalated ‘ Mayor,’ 
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see that no sour, topy, or otherwise bad wine was rold. In the same town 

8n‘0»^«waHce of 1499 decreed, thatfc'jice'adnlteration was most readily 
practised by putting substances into the cask, no cask was henceforth to 
be closed up save by the sworn cooper, who, on finding anything amiss, 
was to give information; penalty for default, a gmlder. 

In the fourteenth century' Nuremberg was a great centrec of the wine 
trade; consequently in that city there were very many regulations against 
adulteration of wine, but they were similar to those already mentioned. 
At Frankforbon-the-Maine, on false wine being found, the cask was placed 
on the knacker’s cart, and a red flag displayed, with the inscription 
* glummer Wein,’ that is, mute or dumb wine. The jailer marched before, 
the rabble after, and when they came to the river they broke the cask 
and tumbled the stulF into the stream.’ About the same date, wine is 
said to have been sophisticated with the following substances; ea^h, eggs, 
albumen, argol, mustard, salt, burnt salt, sweet milk, brandy, almond milk, 
wheat flour, clay, and several other things. 

In the early part of the seventeenth century, a oiroumstanoe happened 
in Wurtemberg which led to some stringent regulations with regard to 
metallio contamination of wine. A number of people having been seized 
with colic, paralysis, and other symptoms of poisoning by lead, it was 
noticed that all those attacked drank one particular species of wine only; 
and on investigation the epidemic was discovered to be due to the con¬ 
tamination of the wine by the use of metallic fastenings to the casks. The 
occurrence is related by GockeliuB,^ who styles the disease ‘ Weinirrankheit.', 

§ 16. Drugg. —Those who sold drugs, roots, spices and the like, were 
strictly supervised, and in the reign of Frederick the Second of Prussia 
the examination of drugs was made a special calling, the inspectors being 
appointed by the king. 

In Augsburg, Frankfort, and a- few other places, the trade in medicine 
was taxed. By virtue of this tax the druggists and doctors enjoyed a 
monopoly, and medicines were forbidden to bo sold by other trades. 

In the seventeenth century there were committees of doctors, whose 
duty it was to inspect the druggists, and from the committees—as in 
London, so on the Continent-Originated the plmrmacopooias. Thus 
Phatmacopoeia Antwerpienm, 1661; P. Utrcgeciina, 1664; P. Amsieloda- 
metuig, 1668; Anlidotarinm Btmonieme, 1674; Begia Ohemica et Galenica, 
Geneva, 1684, etc.® 


IV.-HISTORY OF ENGLISH LEGISLATION IN REFERENCE 
TO THE ADULTERATION OF FOOD. 

- § 17. The first General Act in this country was the Act of 1860, 
pte^uB to which date individual articles, such as too, coffee, chicory, beer^ 

’ The article for aale waa enmetimos merely forbidden to be told: this wu etpeoially 
the cate with importatione from other oountriee. For example, at Cologne, in 1188, 
eadu of butter imported from England, which were found to contain a mixture of da 
and new, were not allowed to enter the market. In like manner Ihlso oil wae exoludod . 
(enm the city. 

* BachrtUungder WeinkrankheitilSSJ. 

' The dukea of Saxony regulated the trade of druggist as early aa.1607. J. QnUlamBti 
nabliahed lUgUmmta enln u» mddedia et lea a^oUM/Ufaa pmr la vUUt dea 
uljon, UOS. Thomas Bartolin edited the wo^ of Ucetti Benanoi; DedaratiofiaiSiiimi^ 
made amtd rdunmacopeoa em.miUat»tw, Franc. 1667 an4-l<71.8vo, . 
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' and wine were legislated for ,W’epeou|d^ e^'tuies, the objeet of whmninK| 
*for the most part, to prevent toe' ittJandmgS^f the revenue; the faeslty 
the purchaser, aud the injury done to him, Wng somewhat less considered, 
'Although not lost sight of. > 

§ 18i Bakers — Bread. —An Act'in the roiro of George IV. was directed 
particularly**against the use of. alum, mkers, either journeymen or 
masters, using alum, and convicted on their own confession or on the oath 
of one or two witnesses, were to forfeit a sum not exceeding £20, and not 
less than £5; if beyond the environs of London, a sum not exceeding £10, 
nor less than £3. If within London or its environs, the justices were 
^allowed to publish the names of the offenders. The adulteration of meal 
or flour was punishable by a like penalty, and loaves made of any other 
grain tti^n wheat were to be distinguished by a large M. The possession 
on his premises by a miller, baker, etc., of any ingredient adjudgwi to have 
been placed tliere for the pmposes of adulteration was punishable by fine. 

An Act passed in 1830 (6 and 7 Will. IV., c. 37) relative to bread 
may be considered as a modem development of the old ‘Assise of Bread.’ 
It repealed the several Acts relating to bread sold out of the city of London 
and the liberties thereof, and beyond the weekly bills of mortality and ten 
miles from the Koyal Exchange, and provided other regulations for the 
making aud sale of bread,‘and for preventing the adulteration of meal, 
flour, and bread beyond the limits aforesaid. This Act made it lawful for- 
the bakers to make bread of “ whoaten flour, barley, rye, oats, buckwheat, 
Indian com, pease, beans, rice or potatoes, or any of them, and with wry 
common salt, pure water, eggs, milk, barm, leaveii, potato or other yeast, 
and mixed in such proportions as they think fit, and with no other 
ingi'^ient or matter whatever.” They were also permitted to make the 
bread any weight or size they chose. The bread, however (sect 4), was 
to bo sold by weight, and in no other manner. 

Section 3 ptovid^ that no baker or other person within the limits pre¬ 
scribed . . . . “ shall use any mixture or ingredient whatever in the making 
of such bread other than, and except as hereinbefore mentioned, on any 
account or under any colour or pretence whatsoever ”; penalty not leas than 
£5 and not more than £10. In default of payment the offeuder could be 
imprisoned for a period of not more than six months, with or without hard 
labour,* or unless the penalty was sooner paid, the magistrates oould also - 
publish the offender’s name, and defray the expense of such publishing out' 
of the fines. 

By section 9 no person is to put into any com, meal, or flour, at the.' 
time of grinding, dressinih manufacturing, any ingredient or mixture' 
-whatsoever, not ^ing the real and genuine produce of the com or grain j,;, 
.nor is. flour of one sort or com to be f^d as flour of another sort. PenalQr, ' 
iiot lees than £5 and iK>t more than £20. . ; 

Sections 11 and 12 provide that bread made partially or wholly' 
pease, beans, or potatoes, or of any other sort of corn or'grain other 
wheat, is to be marked with a large Boman M, under a penalty not exceett-';. 
Ing lOs.. 'Justices may issue a search warrant to enter a baker’s ptemiMf^; 
at reasonable bouts, and search for adulterated bread or substanoee weii 
'■ for adulteration. If such substances have been found,' the justioes 
. diqwse of tliem as they think fit. The penalty for a first offenoe la a 
<,.not exceeding £10 and ilet less than £2; -for the second offence 

(;: ."; A lathesaae of Oobe «. James, 41 L. J. M. C. 19, it was hdd t^t tat a 
;7.'-jiBi da gi3tMt aeation imiltv kflotttlfldffft Vftfi nfieesaftrv. 
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tor erery subsequent offence £10. In default of payment, imprisonment 
for not more than six calendar monthd; <ult i§ also lawful for the magistrates^ 
to publish the name of the offender. The Act contaiqs various other 
proviiious with regard to obstructing search, offences committed by a 
journeyman or servant, the baking of bread on the Lord’s Day, ete. 

§ 19. Beer and P^er ,—An Act, pwscd in 1816 (66 Gect HI., o. 68), 
enacted that no “ brewer of, or dealer in, or retailer of beer,” shall receive 
or have in his possession, or use or mix with any worts or beer any 
molasses, honey, liquorice, vitriol, quassia, cooculus indious, grains of 
paradise, guinea pepjier, or opium, or any article or preparation whatever 
for or as a substitute for malt or hoi)S. If any person contravene this 
provision, the officer of the excise may seise the worts and beer, together 
with the casks containing the same.”—Penalty, £200. By the same Act, 
druggists who sold colouring materials or malt substitutes to'‘brewers 
were liable to a penalty of £500. An Act (7 and 8 Geo. IV., e. 62) pro¬ 
vided that any brewer, having in possession or in use substitutes for malt 
or hops, or for darkening the colour of beer, was liable to a penalty of 
£200, and the ingredients, liccr, worts, etc., might be Seized. Later on, 
by the 10 and 11 Vic,, c. 5, brewers were allowed to make for their own 
use a colouring matter out of sugar.' 

§ 20. Winee .—An old statute (61 Hon. III., st. 6) forbade the use of 
unwholesome wine or meat. By the statute 12 Charles II. c. 2.5, any 
adulteration of wine was made punishable, with the forfeiture of £100 if 
done by the wholesale merchant, and £40 if done by the vintner or retail 
trader. Additional regulations wore marie by I. William and Mary. All 
of these Acts, it is scarcely necessary to say, are now obsolete and repealed. 

§ 21. Tea .—An Act was passed in 1723 (11 Geo. 1., c. 30), which enacted . 
that “ no dealer in tea, or manufacturer or seller thereof, or pretending to 
be, shall counterfeit tea, or adulterate tea, or cause or procure the same to 
be counterfeited or adultciated, or shall either fabricate or manufacture 
tea with terra japouica, or with any drug or drugs whatsoever, nor shall 
mix, or cause or procure to be mixed with tea any leaves other than 
leaves of tea, or other ingredients whatsoever, on pain of forfeiting and 
losing the tea so counterfeited, adulterated, altered, fabricated, manu- 
faotured, or mixed, or any other thing or things wliatsoever added thereto, 
or mixed or used therewith, and also the sum of £100.” 

Some years afterwards, 1730-31, a further Act was passed (4 Geo. II.,' 
0 . 14), prescribing a penalty for what is termed in the statute ‘ sophisticat¬ 
ing tea.’ It recites “tliat several ill-disposed persons do frequently dry, 
falcate, or manufacture very great quantities of'sloe loaves, liquorice 
leaves, and the leaves of tea that have been before used, or the leaves ' 
other trees, shrubs, or plants in iniitation of tea, and do likewise mix, 
oolour, stain, or dye such leaves, and likewise mix tea with terra japonica, 
sugar, molasses, clay, logwood, and with other ingredients, and do sdl and' > 
vend the same as true and real tea, to the prejudice of the health of His 
. Majesty’s subjects, the diminution of the revenue, and to the ruin of the ; 

, ftir trader.” The penalty under this statute was £10 for every pound of , 
tea sophisticated. 

: The next Act was passed in 1776 (17 Geo. III^ o. 29). The preamble . 

.' asserts that great quantities of sloe leaves and the leaves of the ash, elder, 
I'Mid Other trees, shrubs, and plants, were manu^tured in imitation of tea. 

At die present time it is not illegal to mix bitter beer with wholesome hitteis, 
dian hope. ^ . 
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'«!£(} were then eold to dealers in^:ea, who, after mixing the leaves %itli 
sold it as true and real tea; but as ^ke persons who fabricated or ma;^> 
fiu^red the leaves were not dealers in tea, they were not punishable by 
the law then in force. The Act, therefore, rendered any person, whether 
a dealer or not, who fabricated leaves in imitation of tea, or who mixed tea 
with other ingredients, or who sold, exposed fqr sale, or had in his custody 
fabricated or mixed teas, liable on conviction to a penalty of £5 for each 
pound of such tea, or in default to imprisonment for not less than six 
months, nor more than twelve. The officers of the excise were empowered 
to enter under warrant any premises by day or night and seise the loaves, 
which, on a further warrant, were to be destroyed. 

§ 22. Co/ee .—The history of the regulations with regard to coffee 
and chicory is rather curious, inasmuch as coffee api)car8 to have been 
adulterated almost immediately after its introduction, and legislative 
interference was soon necessary. 

The first Act (5 Geo. I, c. 11, 1718), with regard to coffee, recited that 
“ Whereas divers evil-disposed persons have at the time of, or soon after, 
the roasting of coffee made use of water, grease, butter, or such-like 
materials, whereby the same is rendered unwholesome, and greatly 
increased in weight to the prejudice of His Majesty’s revenue, the health of 
his subjects, and the loss of all honest and fair dealers in that commodity,” 
and went on to enact that “ any person or t>ersons whatsoever, who shall at 
the roasting of any coffee, or before, or at any time afterwards, make use 
of water, grease, butter, or any other material whatsoever, which shall 
increase the weight, or damnify or prejudice the said coffee in its goodness, 
he, sBOi or they shall forfeit the sum of X20 for every such offence.” Thia 
penalty was increased to i£100 by a subsequent Act (12 Geo. L, o, 80), 
passed Tn the year 1724. 

An Act passed in 180.8 (43 Geo. III., c. 129) ordered that “K any 
burnt, scorched, or roasted peas, beaus, or other grains, or vegetable 
substance or substances be used, prejiared, or manufactured for the puipose 
of being an imitation of, or in any respect to resemble coffee or cocoa, or 
to serve as a substitute fowooffee or cocoa, or alleged or pretended by the 
possessor or vendor thereof so to Iks, shall bo made or kept for sale, or 
shall be found in the custody or possession of any dealer or dealers of 
coffee or cocoa; or any burnt, scorched, or roasted peas, beans, etc., not. 
being coffee or cocoa, shall be called by its preparer or manufacturer, 
...possessor, or vendor thereof, by the name of coffee, or by the name of 
American cocoa, or English or British cocoa, or any other name of cocoa, 
^:.the same respectively shall be forfeited, and, together with packages odn- 
; Gaining the same, shml or may be seixed by the excise.” The person con- 
■vioted was to be fined £100. 

X'., A subsequent Act (3 Geo. IV., c. 53) permitted persona, not dealers in. 

to sell roasted com, peas, beans, or parsnips whole, but not ground, 
.^rushed, or powdered. 

V.,. - In 1832 grocers were allowed by the Excise to keep chicory on their ^ 
.^^wemises, and a Treasury Minute, (kted August 4, 1840, allows the «d*. 
.Hoo&e mixed with ohioory, a step which no doubt opened the way to.' 
. sfholeaale adulteration. This is evident from a meeting of those interrsiieA. 
in Idle ooffee trade, held at the London Tavern, on March 19,, 
, 1851, in which the chairman' explained that although more of what ww] 
coffee was now conAimcd, yet that there was a less conBump^e|| 
* T. Baring, Esq., M.P. 
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'<jf gentune coffee. ‘*We wish,” he ooAtinued^ ”to coine.to.the 
qiie^n, and we desire that it shon^l be publicly understood &at wh^ 
/is opffee be sold as coffee, and that what is iwt coffee, being a cheaper 

- article, and, if you wiD, a more nutritious article, and as eligible for 
' bonsumption, be sold to the consumer at the price at which it can be 

- afforded.” A grocer from Phoreditch having produced at Jhe meeting & 

' oompound of burnt peas, dog-biscuit, prepared earth,' and a substanoe 

“which,” he said, “I shall not describe, because it is too horrid tO' 
mention,” wont on to affirm that several tons of the same material wwre 
in existence, and that it was used as a substitute for chiooiy and 
for snuff.* 

The /iancef also gave details about the same time of the microscopical 
examination of thiriy-four samples of chicory, nearly one-half of which 
were mixtures, the substances found being roast^ l)eans, burnt .com, and 
acorns. It was under the protection of this Minute that Messrs. Duck¬ 
worth of Liverpool took out a patent for tho compression of mktures of 
chicory and coffee into tho shape of berries. Popular writers have, as 
usual, made the most of this patent, and the story has been retailed with 
additions from one book to another as a glaring instance of wholesale 
. fraud; but, although the purity of the mivnufacturers’ intentions may be 
open to doubt, the fact remains that they did nothing against the existing 
law. The patent does not appear to have been profitable, and but few of 
the chicory berries were put in circulation. 

Iffie subject of coffee adulteration was not, however, permitted to 
escape the attention of Parliament, and petitions from planters, growers, 
and others interested in the sale or production of coffee increased in 
number. In tho Commons, during the course of a long debate (April 14, 
Iffffl), Mr. T. Baring stated that it could not be denied that there had 
been a diminution since 1847 in the consumption of coffee to the extent 
of six million pounds, the real cause of which was tho wholesale admixture 

- of coffee with chicory—this chicory of home growth. In 1840, at the , 
time of the issuing of the Treasury Minute suspending the law as regarded 
that article, all the chicory used in the country oamo from abroad, and as 

,'"Kn excisable import on which duty was paid, but since tho issue of the 
Minute it had been cultivated largely in !&gland. 

‘ Similar statements were made in the House of Lords (July 3, 1861), 
on the occasion of Lord Wharncliffe’s presenting a petition to that House. 
In the following year, under the pressure of popular feeling on the- 
subject, the objectionable Minute was resoindod, and a new Treasury 
Minute, dated July 27, 1852 (which was embodied in a subsequent 
order of the Inland Bevenue Commismoners), permitted licensed 

- la coffee to “keep and sell chicory and other vegetable substsitwsB'i 
; prepared to resemble coffee, providM that they be sold unuiixed witii^, 

coffee, in packages sealed or otherwise secured, containing respOotiveliyi 
not lees than two ounces, and having pasted thereon a printed label wiw; 
j.the name of the seller, the exact weight and true description of the artiolif^ 

, xsontained therein, and provided that no such article be kept in a toqief 
‘Atate, or otherwise than in such packages as aforesaid, in any rodffi/ 
for the storage or sale of .coffee.” This regulation was, wlthd*^’; 
^ doabt, irksome both to traders and consumers, since every one' 
desired his coffee mixed with chiemy could not buy the mixture 

. - ■- X AiyMmlim of Gofu. A veriatim tami of Gu proeetHnm' oi a piMie. iSnilijili, 
landm Tmtn. Loodoa, 1861. 



WM oliUg^ to puroUbse thS-coff^ aad bhicoiy separately, «i3 
: pound it himself. . Heuce mmiy megiMals were presented praying 
the'Sale of a mixture of coffee and chicory be not interfered with, proTidod' 
each package has legibly printed thereon words plainly indicating |h«&- 
ipixture.’’' Jn consequence of these representations this Minute was also 
rescinded,* aud a new one prepared. An order of the Comniissionets of 
Inland Kevenuo, dated May 13, 186.3,* followed, requiring that on every- 
package containing a mixture the words, “This is sold as a mixture of 
chicory and coffee,” be printed in capital letters of Roman chaiacter, of 
at least one-eighth of an inch in height, on the outside of the packages or 
canisters, on the same side of which there was to be no other printing or 
writing. On no other part of the package, farther, was there to be any 
other writing save the name and address of the seller. 

It woSld be a great error to Bupjx)se that these minutes of the 
Treosxiry, and 8ubse(juent orders of the Revenue Coimnissionors, had f® 
their leading object the prevention of adulteration in its reference to the 
health of the subject. It will at once bo noticed that they only touched 
on ‘exoisable-articlcB,’ and it was entirely a fiscal question. In a word, 
had the sophistication been of such a nature as to incre-ise instead of 
diminish the revenue, the Treasury would have let it jmss without 
notice. 


g 23. J7te Select Committee of 1855.—The prelude to legislation on 
adulteration as a whole was the appointment of ‘ A Bclcct Parliamentary ' 
Committee,’ which entered on its labours in 1866. The early appoint¬ 
ment of this committee was, without doubt, due to the influence of the 
late Mr. Wakley, the able and courageous editor of the Lancet. In 1860 
Mr. Wakley had established, in connection with his powerful journal, ‘ !I%f' 
Lfmeet Sanitary Commission ’ of which commission Dr. Ilossall was the 
leadii^ spirit, with Dr. Lethoby ns occasional coadjutor in matters purely 
chemical, and (what at that time was of great importance) with the assist¬ 
ance of an artist, who drew microscopical objects with fidelity. 

The ‘Analytical Sanitary Commission’ was commenced in the first 
ntunber of the Lancet for 1851, and the scope of the inquiry, as stated by 
the editor, was as follows:—“ We propose, for the public benefit, to institute 
an extensive and somewhat rigoroiis series of investigations into the present 
condition of the various articles of diet supplied to the inbabitants of this 
gmt metropolis and its vicinity. . . . Special features of Ae inqufag' 
fdl be that they are all based upon actual inquiry and experiment; the 
^crosoope and the test tube will be our constant companions.” Ndtiee 
iga aiso given that at the expiration of three months the names and 
■idiresses w the shopkeepers from whom purchases had been made would 
nh given j but at the commencement the street alone was to be indicated. 

promise was^ kept, and hazardous although the experiment most 
TOtainly wa% yet in Apm we find the names of large firms freely published; 
so tar Bp^k, ‘ pilloried,’ for having sold impure and false goods. ' j 
In 1866 Dr. Hassall collected the articles which had been publss|^ 
fe.the Lancet into a volume, entitled Food and its Adulteraium, 

the reports of the Analj/tieai Sanitary Commission of the 'Lan^l 
years 186J-S4. London, 1866. - 

1:865 ‘The Select Committee on the Adulteration of Food’ 
its labours, and ei|mined as fiir as possible sJl those wfip 


‘ Fad. Fepw, So. 16S, v(d. xtix., sen. 1852-68. 
• Bid. Pkijkr.'lfo. SM, aess, 1864-,66, 
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likely to have any special knowledge of &ie adulterations themselves, the" 
nfethods necessary to delect them, difj thfir effect on the revenue and en 
health. I)r. Hasstill stated to the comuiitteo the results of his inquiries 
both for the Lamvt Coumiission and during the course of his other labours, 
and gave in debiil the frands practised in regard to milk, coffee, tea, drugs, 
preserved fruits, etc. 

Dr. Alphonse Normandy, who had also written a work on adulteration 
—^thc result of ton years’ invc'stigation—said, in giving evidence as to the 
aluming of broad, that he had scon alum in bread in cryst4ils of the size 
of a large pea. “ In the bread of one liaker I found alum actually in the 
state of large crystals; 1 went to him and showed him his broad, and he 
said, ‘I cannot help it.’” In extreme insfonces he had found as much as 
from 2D0 grains to twice that (juautity of alum in the 41b. loaf, and in 
1847 he had found magnesia carbonate in three samples of oroful. In 
1847 and 1848, years of great scarcity, ho had discovered bean and pea 
meal in flour, but this he considered quite exceptioiiiil. With regard to 
beer, ho thought that brewora often made use of coe<'uhis indicus; and, 
finally, he gave evidence of the great adulteration of drugs. 

Mr. Blackwell, of the firm of Cros-se & Blackwell, gave some very 
interesting evidence as to the ‘coppering of preserved vegetables,’ 
practised before the food articles appeared in the Lancet, 'riic process 
in use by his firm was to boil the pickles or vinegar several times in 
copper boilers. After each operation they betaune greener, and when the 
proper hue was attained, the process was finished; but since the outcry 
on coppered vegetables, this process had been a>>andoned. 

Another witness, Mr. 0. L. Simmonds, the author of a work upon 
‘ Commercial Pinducts,’ in giving evidence on the iulnltcration of drugs, 
estimated that there was a loss to the revenue from this cause of*no less 
tlian £3,000,000 per annum. As an instance of the manner in which 
the revenue suffered, he cited the substitution of cassia for cinnamon; 
cassia paid Id. per lb. duty, cinnamon 2d. The dealers sold cassia under 
the name of cinnamon to such an extent as to affect seriously the cinnamon 
trade. 

§24. AdiiUeratiun Ads, 1860 and 1872.—Upon the report of the 
Select Committee, the first general Adulteration Act was drafted, and 
became law in 1860. The first section enacted, “ That every jjerson who 
shall sell any article of food or drink with which, to the knowledge of 
such person, any ingredient or material injurious to the health of persons 
eating or drinking such article, has been mixed, and every person who 
shall sell as pure or unadulterated any article of food or drink which is ' . 
adulterated or not pure, shall for every such offence, on summary oon-^ 
viction of the same, pay a penalty not exceeding £5, with costs.” A second;, 
offence was punishable in addition by publishing the offender’s name, place 
of abode and offence. The Act permitted, but did not compel, the appoint¬ 
ment of analysts. The bodies which might appoint such analysts were—in 
the City of London, the Commissioners of Sowers; in the metropolis generaDy, 
Vestries and District Boards; in the counties. Courts of Quarter Sessions. 
Section 4 provided that any purchaser of any article of food in any of the 
districts in which analysts existed might have such article analysed -on " 
payment of a sum not lees than 2s. fid. and not more than lOs. 6d.; the 
purchaser, on the completion of the analysjs, was entitled to receive a , 
certificate of the result of the analysis. ‘ 

These appointments were at first confirmed by the Secretary of State, ' 
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but afterwards the IjocallSovermiiont Act of 1871 Irausfcrwl the regula- 
tton of the appointments to 'he Afteal (iovernment Board. The iSst 
existed, and was hi jiartial opcrivtion for twelve years, when it was entirely 
recast and interspersed witli various sanitary considerations. • 

In an Act passed in the year 1872 (36 and 36 Viet., o. 74), it was 
enacted that Bvery peison wlio shall wilfuBy admix, and every person 
who shall order any other person or persons to admix, any ingredient or 
material with any drug to adulterate the same for sale, shall ho liable to 
a |)onalty for the first onTcuce not exceeding £60, with costs.” The second 
ottcnce was punishable by a term of iinprisonmont not exceeding six 
months, with hard labour. By the second section, “Every person who 
shall sell any article of food or drink, with which to the knowledge of 
such person any ingredient or material injurious to the health of persons 
c.ating or’drhiking such article has been mixed, and every person who 
shall sell as unadiiltemtod any article of food or drink or any drug which 
is adulterated, shall for every such ofl'euce, on a sunmuiry conviction of 
the same, jiay a penalty not exceeding £20, with the costs of conviction." 
By tho third section, “Any person who shall sell any article of food or 
drink, or any drug, knowing the same to have been mixed with any other 
sutetanco with intent to i'randnlently increase its weight or bulk, and 
who shall not declare such mhnixturo to any purchaser thereof before 
delivering the same! .and no other, shall bo deemed to have sold an 
adulterated article of food or drink, or drug, as the case may be, under 
this Act.” 

Tho Act, with doubtful advantage, also extended the right of appointing 
analysts to boroughs having separate {tolico establishments. The ap(K)int- 
namt t^as optional, save on the direction of tho Local Government Board. 
Tho sixth section provided that inspectors of nuisances or other local 
oilicers were to procure samples for analysis. Private.purchasers might 
have articles analysed as before, the only difference being that, under 
this Act, they were to hand the substance, not to the analyst, but to the 
inspector. There wore also provisions as to the sealing and division of 
samples. Since tho Act of 1860 remained uurepciilod, the two Acts were 
both in force simultaneously, and under their joint operation the following 
oflfences were punishable i:— 

1. Selling any article of fo<xl, drink, or medicine, that contains any 
ingredient injurious to healtii, ,ai>d knowing it to contain such ingredient. 

2. Selling any adnlierated food, drink, or drug. 

3. Wilfully mixing with any article of food or drink any ingredient or 
poisonous ingredient to aduiterate tho same for sale. 

4. Wilfully mixing any ingredient with any drug to adulterate the 
same for sale. 

6. Selling any article of food, dr'nk, or any drug, knowing the same to 
have been mixed with other substances with intent Tmudulently to increase 
its weight or hulk, unless such admixture be declared at tho time of 
sale. 

§ 25. The ISelect Oommiffee, 1874.—These Acts by no moans worked 
well. Many of the an&lysts were inexperienced, and eren those who had 
oonsidemble chemical knowledge differed widely in tho conclusions they 
drew from their analyses. The reason of this was evident, for the standards 
bad sraircely been settled. *There was, for example, no general agreement 
as to tho amount of ‘fat’ and ‘total solids’ in milk; tho question of 
‘ SfAs £aw o/jliiultewtKm, by Sidney Woolf. London, 1874. 
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vrhother tea should he pennittod to be fao^, or not, was then (as, indeed, 
now) unsettled; there was no met'(A,d in use which distinguished alniS 
added to flour and ahiinina existing as sand. Analyst contradicted analysts 
Magistrates were perplexed as to the moaning of the word ‘ adulteration, 
and conflicting decisions on mere legal technicalities ofl'ered a still furthei 
obstacle to the healthy operation of the Act. The public generally wore 
dissatisfled with an Act which inflicted real hardships on many retail dealen 
— e.g., tea, paid for at the highest market price, and imported direct from 
Cliina, would be examined by a local analyst and pronounced to be fama 
with Prussian blue, gypsum, etc.; while, from the peculiar nature of th( 
statute, the seller, however innocent of the fraud himself, could not defenc 
the charge on anything like equal terms. J’etitious, moderate in tone 
name in from most of the large towns, and the fiovernment decided t( 
appoint another Select .Committee. A largo number of witnesses—tof 
merchants, tea brokers, tea retailers, butter merchants, cocoa and coflei 
manufacturers, milk sellers, bakers, and analysts—were examined by thii 
new Committee in 187t; and on their evidence a ixqiort was based, wliicl 
stated that after having sat fourteen days, and examined fifty-sevoi 
witnesses, the Commissioners had arrived at tlic unanimous conclusion that 
while the Act had done ranch good, it had, at tlio same time, iuflietec 
conaiderivble injury, and enforced heavy and undeserved penalties upoi 
some resjxictahlo tradesmen. “ This apijeara to have been mainly due t( 
the want of a clear understanding as to what doos,.aud as to what does not 
constitute adoUonitiou, and in some casus to the conflicting decisions ^nc 
inexperience of the analysts. Your Committee are, however, of opinioi 
that the Act itself is defective and needs amendment.” 

The report went on to say that the adoption of the Act had hcev by m 
means general, and in many ciises where it had been applied its oporatioi 
was of a very restricted character; for, oven witli comjjotent analysts, i 
inspectors were not appointed at the siuno time tlio Act remained a dea< 
letter. All the London vestries had made appointments, but in onb 
twenty-six out of seveuty-ono boroughs, and thirty-four out of fifty-fou: 
counties, were there at that date oflieial analysts. The examination of tei 
was recommended to be made on imporbition by the Customs. ITii 
Committee did not consider that the exact proportion of mixtures need b 
stated on a label, and they wished to record that mixed mustard am 
prepared cocoa had been long manufactured at Deptford for the supply o 
the Navy. They recommended that small distriote should he consolidated 
and that, as a nile, the boroughs in a county should be united witi 
the county for the purpose of appointing one analyst for the entir 
district; and they pointed out that the way to soenro ‘‘ the services o 
really eifleient analysts is to offer them'A fair remuneration, which oai 
hardly bo done without the union of several Local Authorities in on 
appointment.” The Committee concluded their report by remarking tha 
the public was ‘cheated’ rather than ‘poisoned.’ 

§26. Safe of Fooil and Dnuju Act, 1876, 1879, and 1899.—On thi 
report was based the Aet of 1875, which is at the present moment, witi 
its amendments of 1879 atrd 1899, the existing law, and the full considert 
tion of which will he reserved for another Section; an early defect in tfa 
Act, however, may be at once alluded to, for it had not been long i 
'operation before its action was almost entirely tstopped.^^gal ingenuity 
‘ Ibe sixth section provides that “No person shall seiyg^e.prejudics c 
the purchaser any article of food or any whigj^^t m the natii^ 
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* Btibstance, -and quality of the arficle demanded by such purchaser*; and in 
a Justiciary Appeal case at Edidbur^ in which an insiKictor had purchai^ 
cream not for his own use but for analysis, the Scotch court discussed the 
‘prejudice’ question—three out of sovon judges adopting the view that a 
purchase made under these conditions was not to the ‘ iwojudice ’ of the 
purchaser, and five out of the seven dismisstag the summons on other 
grounds. The impression produced in this country, however, by the 
decision of the court, was that the sale, to be oft'eotual, must bo made in 
the ordinary way, and not merely for the ]mr))(»iea of analysis. The same 
question was raised in quite a different but equally ingenious way in a 
‘mustard case’ argued before tlie Court of Queen’s Bench. 'The purchase 
in this case was by an officer ; the defence being that, as it was well known 
that mustard was mixed with flour and other things, such a purchase 
could nolf l)e to the prejudice of the purchaser. Tlie ixunt, however, was 
left undecided; tlie question again came before the Court of Queen’s 
Bench, in the case of Sandj-s ». Siuiill, and the ‘prejudice’ (piestion was 
argued ou Imth points. Whisky was alleged to have been mixed with 
water, and the defence sot up—tliat it was known to bo so mixed, and there¬ 
fore not to the prejudice of the purchaser—was held by the court to bo 
good, and the case having been decided upon this point, the other was not 
proceeded with. Finally the question was settled by the ease of Hoyle o. 
Uitchmau, March 27, 187‘J. The facts in this instance were of the 
simplest cliaractor: the appellant had purchased milk in the usual official 
way; the milk wiis found to be adulterated, and the defenee was that, as 
he did not use the milk, therefore ho did not buy the milk for his own use ; 
he was not prejudiced. Tlie magistrate who hoard the case considered the 
defence good, and dismissed the summons. 

Justice Mellor, in giving judgment, observed that the ‘prejudice’ 
view of the Act “ would absolutely nullify its beneficial /ifl'ect. For if the, 
meaning of the enactment is that the ofl'euco cannot bo complete without 
its being ‘ to the prejudice of the purchaser,’ it is hardly possible that the 
ofibnee should bo brought home to any one. And this observation, in my 
view, goes far to show that this construction cannot be the right one. So 
far ns authority is coneonied, there is no direct decision in favour of such’ 
a view; and, indeed, in the English courts there is hardly any authority 
upon the point. For in the first of the two cases in this court referred to, 
the mustard case, my brother J .iish distinctly said that, in his view, if the 
arlieie were adulterated, it must be presumed that it was ‘ to tiio prejudice 
of the purchaser,’ and I could not have dissented from that opinion, or I 
could not have concurred in sending the case down to be re-stated on the 
pther point. And as to the other csvse, no doubt in the course of the 
argument the Lord Chief-Justice m;\de some such remark, but not by way 
of a decided dictum, and rather by way of query or suggestion, and the 
-decision went upon the other point, so that there is no authority in the 
’ikiglish courts in favour of the view now presented. It cannot bo said 
that the weight of judicial authority is against, and I rather think it is in 
'fevour of, the view which we have arrived at after the best considemtion 
given to the question, us to the true constniction of the enactment. It is 
quite general in its terms, and its terms are very large, nor is there any- 
.. thing to limit them,—‘ if any one shall sell, to the prejudice of the ; 

pnnffiaser, any article of food not of the nature, substance, or quality of 
';. the article demanded by Hie purchaser.’ There is nothing to limit the .; 
»^.«^Iioati(ni of the enactment (as some of the Scotch judges seem to have’ - 
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oup^ed^ to articlcB deleterious in their 'haturor And in several of the ' 
sections (13 to 17) provisions arc madtj, for' purchases by public officers fo* 
the purpose of analysis and prosecution, assuming that, it the article is 
found to be adulterated, the offence will hove been committed. It would 
be strange indeed if all those provisions wore to be made nugatory by a 
construction which would, ii» effect, come to this—that pro<!ecding8 could 
only be taken by private individuals. Here the purchase was made by the 
inspector under those sections; but surely the ciuie must be treated as 
though the purchaae had been by a private individual. Now, in the case 
of a private individual, no one could dispute that in such a case as this the 
offence would have been completed, and the magistrate has so found, in 
fact. That being so, what difference can it make as to the nature of the 
offence, that the purchase was by an officer on behalf of the public, aud 
funiished with public money for the purpose! If the purchaser asks for 
a certain article, and gets an article, wliich by icasou of some admixture 
of a foreign article is not of the nature or (juality of the article he asks for, 
he is necessiirily ‘prejudiced’; and how can the fact that the jaircliase 
is not with his own money at all affect the question of the commission 
of the offence! The offence intended to bo pi-cvcntod by the Act was the 
fraudulent .sale of articles adulterated by the admixture of foreign substances, 
which would necessarily be ‘to the prejudice of the purchaser ’; aud those 
words were inserted only to require that such an ivdultcration should be 
shown to have lieeu made. Taking all these matters into consideration, 1 
cannot bring my mind to the conclusion that in such a case as this the 
offence is less complete, merely because the money with which the purchase 
was made was not the money of the purchaser, which must be wholly 
immaterial to the seller, aud cannot affect the offence he has committed. 

I come, therefore, to the conclusion that the magistrate was wfimg in 
dismissing the case on tliat ground, and, therefore, that the case must bo 
remitted to him to be determined on the evidouoo as to the offence alleged 
to have been committed.” 

Mr, Justice Lush, in expressing his entire concurrence, said that the 
differences of opinion which unfortunately prevailed as to the true con¬ 
struction of the sixth section of the Act had crippled the operation of a 
most beneficial Act.—Judgment for the appellant. 

The Act of 1875 was amended by the ‘Sale eSf Food and Drugs Act, 
1879,’ which became law on July 21st in that year. This Act settled the 
‘prejudice’ question, authorised the obtaining of sam))lc8 of milk for the 
purpo.sc8 of analysis, and established standards for spirits. (See sections 
on the ‘ Existing Law relative to Adulteration.’) - 


V.—THE HISTOHY OF THE PRESENT SCIENTIFIC PROCESSES 
FOR THE DETECTION OF ADULTERATION. 

§ 27. If an attempt wore made to write the full history of the modem 
system of the practical assaying of foods, beverages, aud drugs, the result 
would be neither more nor less than a history of the development of the 
chemical, physical, botanical, and medical sciences; for there has scarcely 
been a single advance in any one of those sSienccs which has not some 
bearing, immediate or remote, on our subject. Hence, the more useful - 



§§ 28, PBOCE^ES tOR DETECTIOl? OF ADOIiTEKAllOir. 

and lore ambitious mefhod txf pursue will bo merely to notio^ the ohiof 
•writings and the more noteworthy jli*coveries of those who have explawd 
this special field of investigation. 

The verj' early and brief notices in the old writoni have boon already 
mentioneil. Tlie first generiil works on adulteration were devoted to drugs 
rather than k) foods, and the herbals and tbo>older works contain here and 
there, scattered through their prolix pages, casual mention of sulwtitutions 
or falsifications. For example, Saliuliu of Ascala, a physician to the Grand 
Constable of Naples, who wrote in the fiflecntli century a work on the 
aromatic principles of drugs, describes niethwls of preserving food, and in 
sjioaking of the iidulteratiou of niaunii with sugar and stai'ch, cites the 
ease of an opothccary who was fined heavily and deprived of his civil 
rights.' 

§ 28.sin the early part of the sovcntocuth century Bartoletus discovered 
by analysis rnilk-sugai’ (see chapter on ‘Milk’), and to this ejaxih belong 
.ilsosome observations and exporiments of another Italian, Francesco lledi® 
of Florence, published in 1660, on the amount of mineral substances 
in pepper, ginger, and black hellebore, lie burnt 100 llis. of each and 
weighed the ash ; bhiek pepjjer yielded 5 lbs. 2 oz. i drs. of ash, ginger 6 lbs. 
3 o/,8. 2 drs., while black lielleborc burnt in the same quantity gave 4 lbs. of 
ash. Tlicse ash percentages, as wo know, are accurate. He treated the 
ash with water, and noticed that all the salts lixiviated, and had a peculiar 
and definite figure, which they kept, although they were often dissolved 
and afterwarils crystallised. “ If in one liquid you dissolve together two or 
three sorts of sidts of diti'oront figure, when they congeal they all resume 
their ancient and proper figure.” lie gives exainides of this among mineral 
salts, and further states that if vitriol of eyprus (coi)por sulphate), rook 
alam,*ai>d nitre be dissolved, on evaporation and crystallisation the different 
siilts can 1)0 readily detected.® ^ 

§ 29. The Honourable Hubert Hoyle, whose ntiincrous writings and 
discoveries are well known to all scientific men, may be said in a way to 
have written the first treatise the sole object of which was to make known 

method of detecting adulterations. Tlie title of his work is Medieina 
Hydrostafira; or Hydrontaticr applied io Materia Medira, ahomng lime 
by the, weight that divers bodies used in physic have in water, one may 
discover whether they ho genuine or adultercded, 8vo, Loud. 1690. His 
method of determining specific gravity was similar to that now used. , He 
determined the specifio gravity * of pure rock crystal, which he took as a 
standard, comparing the specific weight of various minerals with it. He 
showed that impure mercury sublimate, weighed in this manner, would be 
deficient, and that Homan vitriol mixed with alum might also 1)0 similarly 
detected. He observed that there were several forms of soluble salts in 

' This work, Aro7mfi/rlu,n, was publishod in Augsburg, 1481. Them 

is no separate copy in the British hiusetun, but it will he funud as the Liber Hatadiwi 
in the beautiful foho edition of the Arabic physician (Yumauna ibn Massawdih), Jomnis 
mesuoe damaaceni medico dorissimi opera, de., tl, metlieamerUomm dcleetn, e^igatianje 
et urn., ete,, ete., folio, Venice, leSS. The work is in the old dialogue style, consisting for 
the must part of question and answer. The books preceding the zA.r Suladini also 
contain some observation! on adulteration. 

® Fmncesco Kedi, 1626-1697; he was at once a met, a chemist, and a physician. 

* Phil. Trans., 1693, p. 281. 

• * We believe that the oldest tables of sjjcciflc gravity extant are those in Lord Francis 
Bacon’s Biatoria Densis ei Pals', fob, Lend., 1741. A cube of gold was taken as a 
standard, and cubes of other substances, of a sise as exactly similar as possible, wen 
> made. He was conscious, however, of the want of complete accuracy. 
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plants, but alwajrs some that wore cubical Buylo also determined the 
percentage of ash in about forty diCif^'eut Vegetables, and the amount of* 
soluble ash. Boyle’s was not a work of general scope, for the must part 
conflKing itself to the recommendation of a particular although widely 
applicable method. 

An early general work oil the adulteration of drugs was'that of J. B. 
Vandon Sande,* who may be called the pioneer of applied quantitative 
chemistty, for he not only described the more external characteristics of 
various articles of the materia medica, but also made alcoholic and ethereal 
extracts, and determined the weight of the extracts thus obtained. He 
also, after the manner of liis time, distilled the sulistanccs and obtained 
various products. 

§ 30 The inventiou of the microscope, revealing the most intimate 
structure of animal and vegetaVde tissues, and the regular and mathematical 
forms of SJilts and minerals, gave a great impetus to all the sciences. 
Antony Viui ijeeuweiihoek (h. 1632, d. 1723) was the first who in any 
philosophic manner occupied himself with this histniment. (lifted with 
rare powers of observation and manipulative dexterity, he. made his own 
microscopes, and prepared all objects witli his own hands. His microscopes 
■ were what we should now call lenses. Each object, jiermaneutly mounted, 
had a separate microscope, which merely coissistol of a small doiihle convex 
lens let into a socket between two plates riveted together, and jucrced with 
a small hole. The object was placed, it licpiid, on a fine little plate of talc, 
which was then glued to a needle, or, it solid, was attached to the needle 
itself. There was a mechanical arrangement by which the needle could bo 
dejirossod or raiseil, or placed in any position desired. None of his lenses 
were very powerful—ho rather preferred clear definition; nor were they 
all of the same magnifying jiDwer, but varied according to the nature of 
the object. He possessed an incredible number of those instnimouts, and 
at his death bequeathed many of them to the Uoyal Society. He 
investigated daily during his long life all kinds of objects in the throe 
kingdoms of nature, and made iiorhaiis a greater numlsjr of discoveries as 
to minute structures than any other man in his time; indeed, there was 
scarcely a competitor, for the method was peculiarly his own. These 
discoveries did not attract so much attention in his day as they deserved, 
the reason probably being that scarcely any one possessed the suitable, 
means of corroboniting his researches. Leeuwenhoek seems to have been 
the first to discover the active principle of tea and coffee, and to describe 
the structure of the coffee berry.® Speaking of coffee beans, he says: “I 
jdaced some of the lieans in a proper chemical vessel over the fire, and 
observed that, in the roasting or buriiiug them, a great quantity of oily 
• substance and also of watery moisture was expelled. ITie roasted Iwan I 
broke into small pieces, and after infusing these in clear rain water I 
suffered the water to evaporate after pouring it from the grosser parts df 
the coffee, and then 1 discovered a great number of oblong saline particles 

1 ta faidficaiimts dca m/dicaments ddvoiUea, ouvrage dmi la/iitl m enaeigiu la 
moyms de ddmivrir la tromperta mimi en usage pour faldfier Ics nUdieaments tamt 
dmfda <{ue emposis, et ad tm ilaUit des riyles pour s'assurer dc leur bemU, owvrage 
uiuanmt utile ausc. mtdicins, ehinirgiem, apothUains, a dn^istes, maia auisi aUX 
mtlada, by J. B. Vanden Sande, Mattre Apothioairs de Bruxelles, k la Hayo, 1784. 
A well-printed 8ro of 430 pages. The same author wrote a letlre sur la sapMtlietUim 
da vins, Amsterdam, and one or two other worka a- 

'* The authors believe that this (as given in the first edition) la the first notice of the 
leiaratloa of caffeine by Leeuwenhoek. 
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of different Buses, but most of tLom exceedingly milmte; all of theun ^’itb 
•sharp points at the ends and'dar! m the middle.”* He ffguros these 
‘saline particles,’ and from the description and the hgiire they can be 
scarcely other than crystals of ‘ caffeine ’ or ‘ theine.’ He also cut thiu'slices 
of the berry, and one of his plates is a very good illustration of the ctdluhir 
structure of Soff'ec. He noted that “ it was ot an open and spongy texture 
.... and some of the parts, which in the figure appear closed up, consisted 
of globules, and were filled with oil.” Still more decisive are his observa¬ 
tions on tea, in which it is absolutely certain that he obtained ‘caffeine’ 
or ‘ theine ’ by sublimation, for he distilled it and collected tho ‘ volatile 
salt.’ “All these stiline jiarticles were of tho same shape, that is, very long 
and pointed at both ends. ... 1 aftcrwanls endeavoiued, for my fhrther 
satisfaction, to discover, if possible, how many saline partielcs could be 
produceef from a single leaf of tea; but having reckoned up only a part 
of tho volatile salts coniained in one leaf, 1 forbore any further observa¬ 
tions, because the number 1 had already reckoned up was so great that I 
dared not publisli it, as I luid proposed to do, and indeed many poisons 
could not ibelieve that tho leaf itself could be divided into so many parts 
visible by the microscope, as I saw volatile salme particles produced from 
one single leaf.” He also examined the ash of tea, and noticed its 
deliipiesocut character. lie separated several distinct salts, of which one 
kind had small cuiiicid crystals, and was probably common salt. He 
also timnod his attention to pepper, and extracted from it a crystalline 
principle, probably ‘piporine.’ He powdered long pepper, and placed it 
in a glass vessel, covering it with rain water to about one-tbird of an' 
inch. “After tho water had stood about two hours, I poureil it off, but it 
licing^eveuiug I let the water stand all night. 'I'ho next morning 1 saw 
in the place where it was most evajsiratcd an incredible number of saline 
particles, many of which were almost twice as long as broad, but one side 
always longer than tho other.” He also distilled pejipcr, and extracted from 
it an oil. lie considered the difference between white and lilack popper to 
bo that one was decorticated, tho other not, and proved that ho was right 
by direct experiment. In speaking of vinegar, he noticed that it was 
neutralised by chalk, and that it often contains minute cels—those ‘eels’ 
he figures and describes. 

To Tjeeuwenhock, then, may fairly bo acconled the credit of having 
made several unnoticed discoveries in food analysis. ContomiKiranooualy 
with Leeuwenhoek, Dr. Hy. I’ower publishi'd some microseopicul observa¬ 
tions, describing the apiiearanccs of sand, sugar, and salt, the cels in 
vinegar, and the mites in oatmeal. He also olwerved how easy it was to 
discover tho particles or globules of mercury in compound jaiwders. “ In 
those chymioal preparations of menno-y which they call ‘turbith mineral,’ 
‘mercurum vitde,’ sublimate precipitate, and mercury cosmetieal, you may 
most plainly and distinctly see the globular atoms of current and quick.- 
mercury besprinkled all among the powders, like so many little stars in 
the hrmament.” He also notices the minute structure of several leaves, and 
may be considered, together with Dr. Ilooke,® os the English representative 
of microscopical science at that date. 

, The S^eet Works of Avimy Van Lemaenhode, iia. Load., 17BS. 

• Seperimmtal PkUosoithj, m Three Books, coniaining B'eto Olmrvalian ExjurimeiUSt 
Uieroseopieol, lierairial, Magnmeal, London, 1663. 

' Dr. Hooka publish^ his “ Miorographio Illuatrats” in 1656, in tho Philosophie&i 
Trastnetioiu, in which bd made known nis invention of glass gtobidca aiipii^ to th^^ 



FOODS t .THBaH COMPOSITION AND ANALYSIS. [§31. 

t I , 

Miuroscopical obscrrcrs rapidly multiplied ap the instrument itself was 
perfected, and by about the year 18SJ., really good instruments, although' 
lot absolutely achromatic, could be purchases!. In 1838, Ehrenberg 
brought out his great folio on Ivfworial Life. The beauty of the 
illustrations in this have never been surpassed ; they amply prove that 
very early in the ninetceutii century, for those who couhi alliird the 
expense, there were instruments of great power, precision, and definition.* 

In 1844, Donne ^ published his beautiful plates containing, among other 
things, some iiccnrate representations of the milk corjjuscles (see article on 
‘Milk’). Dr. Pro, in an important case in which an attempt was made 
to evade the duty on cassava stiirch by calling it arrowroot, and importing 
it as such, detected the fraud by the microscopic apjiearances alone. An 
excellent collection of objects illustrating the unnutc anatomy of plants 
was to be found in 1845 in the Museum of the College of Surgeons, the 
catalogue of which was edited in an illustmhd form by Professor (iluokett.® 
About the same time, Quekett also delivered several lectures on histology, 
in the course of which he pointed out the value of the microscope in the 
detection of fraud.'* 

§ 31. In the latter part of tlie eighteenth and the begimnng of the 
nineteenth ceutuiy, chemistry advanced with rapid strides: Neumann 
Caspar*' mado various exiierimcuts on milk, wine, butter, tea, colfoo, and 
other substiinccs; the lloorhaave School'* analysc(l milk; llerzelius issued 
his chemicid papers; Schecle instituted a variety of researches, and thus 
the foundation was being laid of those processes winch were improved luid 
perfected by the pbilosoiihical mind of Liebig, and applied in the analyses 
of various vegetable products** by Mulder, many of whose methods are still 
quoted and taken to a eei’tain extent !is .standard. This advance in chemical 
science was naturally accompanied by more elaborate and scientific works 
on food, and for the first time it became possible to study the subject in a 
philosophical manner, and to apply a variety of processes for the detection 
of fraud. 

microscono, by M'hicU an inuueiise maguifyiug power was obtained. He afterwards 
publishea a wtirk euLitlcd, Min'ographm ; or, Somr. Phymohgit'til Ikivriptiom of Minute 
Bodies, made hfi umnsof Magni/gimjGlasses, %cith Ohsc-riiUiomaiidEiiqnificsUtereu'pim, 
by R. Hooke, F.11.S. Loudon, 1765. The work is a folio illustrated with well-executed 
copper piatua. He doscribeR and iigures, like Leeuwenhoek, poppy seeds, vinegar eels, 
etc. Re was a man of great ingenuity and celebrity. In a theoretical manner he 
anticipated the iclenliojui, for in the ni-etace he says: ’Tis not im{>oasible to hear a 
whiB|K5r a furlong’s distaucc, it having been already done, and 2 >erhaps the imture of the 
thing would not make it more imjiussiblo though that furlong should be many times 
mnltijdied. . . . lean assure tlio rwider that 1 havji, bytho help of a distended wire, 
proiiagatod the sound to a very considomblc distance in an instant, or with or seemingly 
quick a motion as that of light, at least incomi>arably swifter than that which at^ the 
same time was pro]iagated through the nir, and tW not only in a strmght line, or direct, 
but in one bended in many angles.” 

^ IHe iTifitsiouMhierelien ms wlJcommeTie Organiismen., by D, Christians Gottfidd 
Ehrenberg. 

* A. Hoim^; Coui's de Misrompe. 

* Descrijitive and JHustriUed CcUalttgue of the Histologiml Scries in (he Mimvm of the 
Eoyal College of SnrgeC'M, Vol. II., 1850. 

* L^turos on Histology, delivered at the Royal College of Surgeons, 1850-1. 

® Neumann Casper, M.l)., Fom T/tee, CafeCt Eier wid If'cin. Leipsic, 17Z6. The 
Gfmiical Wm-ks of Nemaam Caspar, abridged and methodised, by William Lewis.. 
London, 1778. 

® See chapter on * Milk.’ ^ 

’ The OJmnistt'y of Animal and Vegeiable Physiology, tmnslated from the DiAeh^ 
by F. H. Fromberg. Ediubuigh, 1845( 
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§ 32. There was published,u wuiw. uii une uumteruiiioD oi leoa, 
by Frederick Accnm,i wmeif is idbietimes inaccurately referred to* by 
writers of the present day ns Beath in the Pot. Aiunun, however, wrote 
no work beai-ing tlint title, which belongs piioiicrly to a little book 4)y an 
anonymous writer, to be noticed presently. Accuin’s work, .apiiearing just 
at a time wlren several brewers had been finAl heavily for liaviiig in their 
possession illegal substance.s, and licing reviewed most favourably by the 
press, exercised a very great inflnenec on the public mind—the more so as 
it was written with considerable aliility and knowledge of the subject. 

After giving a general review of adulteration, and proving that it was 
a widespread evil, nffecting more or less every industry—that woollen goods 
were adulterated w'ith cotton, s(«ip with clay, paper with plaster of Paris, 
provisions of .all kinds with a number of worthless, or actually injurious, 
suhstaut%s, that even haitlware, such as cutlery and the like, did not esoajto 
—ho is surprised at thi! great iugcmiity .applied to such liad purposes. 
“ The eager and insatiable thirst for gain,” bo oliservcs, “ which seems to 
bo .a leading characteristic of the times, calls into action every human 
faculty, and gives an irresistible impulse to the power of invention, and 
where lucre becomes the reigning principle, the |) 08 siblo sacrifice of a fellow- 
creature’s life is a socond.ary consideration.” From generalities, Accum 
then proceeds to describe more or less minutely the fraudulent tricks of 
each particular trade: “ The istker asserts that he docs not put alum in 
his braid, but he is well aware that in purchasing a certain quantity of 
flour, he must take a sack of ‘ sharp whites,’ a term given to flour contami¬ 
nated with a quantity of alum, without which it would be impossible for 
him to produce light, white, and 2 wron 8 bread from a half-spoiled sub- 
stanw.” Ho also states th.at the bakers used a jiowder technically called 
‘stun 7 consisting of one [lart of alum in minute crystals and three parts 
Af salt. 

In speaking of brewing frauds he supports his asseltions by reference 
to actual convictions taken from the papers of the day, and he cites among 
others the King v. Richard Rowman, Ttmee, May 18, 1818, in which the 
defendant, a brewer of Wapiiing, was convicted of having a substance called 
‘ niultum ’* on his premises, and fined JE200; and the King v. Luke Lyons, 
in which the defendant was convicted of having various deleterious drugs 
in his brewery, among which were oapsioum and ooitperas, and fined £420. 

Fmm these and similar tri.als and cases, he gives a list of the adultera¬ 
tions in use by the brewers, among which figure multum (just mentioned), 
cocculus indicus, sold to tanners and dyers under the name of ‘black 
extra"!,’ and ‘bittern,’ composed of calcined sulphate of iron, extract of 
cocculus indicus, extract of quassia and Spanish liquorice—a compound not 
much dissimilar from some of the ‘ hop substitutes ’ of the present day. 
He also pves a list of the publicans mivioted, between 1815 and 1818, of 
adulterating beer; these oases were nineteen in number; but the only 
adnlterations proved seem to have been ‘salt of steel,’ which was doubtless 
sulpl ate of iron, common salt; molasses, and the mixing of table beer with 
strong beer. The fines ranged from £6 to £400. 

In a notice of Mr. .Accum’s work in Na 166 of the Literary Gazette,, 
there occurs the following passage, which may servo as an example of the 

Id Trealiae on the AdxiUeralim of Food and Oulinary Poisons, ea-hibiting tie 
J^audulei^ SophwiiccUion of Jhiead^ Wine, SpirUuoui Liquiyrs Tea, Coffee, rfe,**- 
Iqr Froderick Accum. Loudon, 1820. 

’ UnMam, a mixture of extract of quasaia and liquorice. 
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spirit of the press“ Devoted to disease 't>y bak§r, butcher, grocer, wine 
merchant, spirit dealer, cheese-mong(S'( piistry took, and confectioner, the'' 
physician is called to our assistance. But here again the pernicious system 
of fraud, as it has given the blow, stej)s in to defeat the remedy. The un¬ 
principled dealer in drugs and m(Hlieiucs exerts the most potent and 
diabolical ingenuity ui sophihticatiug the most jiotent and necessary drugs 
—Peruvian bark, rhubarb, ipecacuanha, magnesia, calomel, castor oil, 
spirits of hartshorn, and almost every other medical commodity in general 
demand, and chemical preparation used in pharmacy.” 

A few years after Acciim’a work a small duodecimo appeared, familiarly 
known under the name of DmiIIi in llw- Pof, but the full title of which 
was— Ihndhj AduUerafiim, ami Slotv Poimiiwj, and Death in the Pot 
awl the HuUle, in whirh Ihe hlootl-eminneouimj ami Ufe-ihitlroying adultera- 
Hone of mnA% ejiiHte, hrer, hrend, jtour, tea, eii/jor, epU-ee, c/ireeoononger)/, 
poetry, confeetinncru, me dicines, tic., arc laid open to the puhlic, with tests 
or methiels /or ascerlaimny ami detectimj the fravthdent awl deleterious 
adidterntions, awl the. good ami had giialilies of those articles, with an 
expos6 of medicot empiricism ami impmture, ipiachs awl <ptaclanj, reipdar 
ami irregular, legitimalc. and illcgitimale, ami Ihe. framls awl malpractices 
of pamdirohjrs awl iwtdhtme keepers. Ity an enemy of fraud and villtmy 
London.i This little hrocliure of 1.^7 pages, written in a jmpuliU-stylo, and 
rejoicing in a startling title, enjoyed a largo circul.ation, and, despite its 
small intrinsic merit, Inul mon’ inflnenco on the popular mind than any 
simiiar work that had over appeared. As may he expected from the title, 
the book is grossly sensational, and in speaking of water, the author says: 

“ The filthy and \mwholesorac water supplied from the Th.ames, of which the 
delicate citiseits of Westminster fill their tanks and stomachs at the very 
spot where one hundred thovisand cloacinic, containing every species of 
filth and all unutterable things, and strongly impregnated with gas, the 
refuse and drainage of hospitals, slanghter-liotises, colour, lead, and soap 
works, dnig mills, manufactories, and dunghills, daily discharge their 
abominable tiouteuts, is so fe.arful that wo see there is no wisdom in the 
well, and if we then fly to wine we find no truth in that liquid. Bread 
turns out to bo a emteb to help ns onward to the grave, instead of being 
the staff of life. In porter there is no support, iti cordials no consolation, 
in almost everything poison, and in scarcely any medicine cure.” In 
another place he ascribes the sudden deaths of people in the streets, etc., 
to the adulteration of their food. Among tho sophistications of beer he 
enumerates, following Accura, cocculus indicus, St. Ignatius bean, nui 
vomica, tobacco, and extract of poppies. 

* No date, but probably alrant 182.''. A small Latin work, with a aomowhat similar , 
tiUe, had Iwcii publisUrd about a ''outury previous. Mnrs in Oita, sou mdaUitem 
amtagiuin. in cOturum, potmim It maliimiifiitorum. Sehulso; 1722. This is, however, 
of but little merit, and only points out the ilaiigor of metallic contamination by artioTes 
cooked or prcscrvisl in copiier vrasels. At tho cud is the following 

“ Hen' Anhalt zeirt d(!i) Tod in Tdpfen 
Das ist ersclmicklicU' ^oeh dabey, 

Loliit er I alls welchou OniJ^d man scliopfen, 

Soli Qegeiigift und Artzenijf, 

Wodnroh cr nann giebt dratl&h zu erkonnen 
Dass man ihn Imid mil Ruhim.winl Doctor iieunen.” 

There were besides other ‘ Deaths ’; as for cxangilc — irfors in vitro iru kthifira vini 
tttlusliitamHaexsolaiyusdnii aalri>tgenilivirtulieon/.rniela,^,h.^oii\. 1709. A ]x^ 
tract, fall of words, and alfering nothing new. 
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§ 33. About nine y^ars afdr Aocum’s book bad lioen publiafaea is 
•England, A. Buasy and A. S’. Bimtr§f?-Charlard published in France a w8rk 
of considerable merit on the adnitemtion of drugs,' the arrangement of 
whioh is strictly alphabetical. In tlie preface, the authors as-scrt that the 
great development in the art of adulteration liad taken place |)artieular1y 
since the wa»s of the Republic and the establishment of the (Vmtinontal 
system, and that it was due more especially to the action of the govern¬ 
ment, who encouraged the use of products of home growth, in consecjnence 
of whicli roots gi'own in France were being substituted for those of foreign 
origin. Chestnut bark, French rhulmrb, and poppy were proposed lo re- 
phice the (luinine of I’erii, the rhubarb of China, and the opium of the 
Levant. 

(iamier and Havel, in 1844, published their treatise,'' a well-written 
work, m(*leratc in lone, and without exaggeration. A groat number of 
the chemical reactions and tests mentioned by them are in actual use at 
the present time. Two years later, J. 11. Friedrich, in Germany, published 
his observations on the stimc subject.® The arrangement of Friedrich’s 
work is alphalxitieal. lie paid much attention to the composition of 
diseased milk; and although ho made little, if any, use of the microscope, 
the ohemical details of the work .are superior to any that had hitherto 
appeared (see article on ‘Milk’). 

§ 34. Almut the same time, after more than twenty years had elapsed 
since the puhlicatiou of any English work—Aeciim’s being the last—the 
subject of adulteration was revived here by Jolin Mitchell,' who published 
what must bo considered a very useful volume, although many of the 
tests he gives would scarcely stand the ordeal of a court of justice at the 
present day. lie states, e.y., that if an infusion of tea, treated with 
sulphate of copper, and heated, throws down a copious chocolate precipi¬ 
tate, ‘liawthorii’ is present; it the infusion becomes ijf a bright green 
colour on adding caustic soda, sloe leaf® is prolmhle; but if, on tlie 
addition of acetic acid, the solution ]) 08 sesso 8 a very bright colour, ‘its 
presence is certoin.’ Mr. Mitchell’s confidence in those reactions is . 
amusing; but on the other hand, the greater number of his olxservations 
are still valid. 

§ 35. In 1850 Chevallier issued his dictionaiy of adulteration,® which, 
through successive editions, has from the time of its appearance been, 
par excellence, the standard French work on the subject. Many years 
before the publication of his groat work, however, M. Chevallier had 
practically studied the question, as is proved by documentary evidence, 
and by his numerous representations to the Government on the necessity 

^ Train dcs maj;ens de reconnattre lea fchijicaiiona ties drogues aimpiea d etmpoaiea, 
by A. Bussy et A. F. Boatron-OImrlord. I’ni'.i, 1829. 

• JOm faialfietdione dea mimUmet'S <dimoit’'i‘rea ei dea mttyena chimiguea de lea ream- 
nattrs, by Jules Gamier etCh. Harel. Paris, 1884. Small 8vu. 

' handhuek dec QeamdheUaMluei, dec Speisen, Gelrdnke, und dec eu ilacer Bereiiung 
gehrdwHiehstm IngredleiUen, edited by J. B. Friedti(’i, Ansbach, 1840. Svo. 

• Treatise tm the Falalfications of Food, with the ChmicaX mmrta eruvluyed to deteU 
themr, by John Mitchell, F.C.S. London, 1848. 

• The belief in the adnlteration of tea by the leaves of the aloe is almost eontempo-' 

nneous with the introduction of tea itself into England, and there ate numeivus allusions 
to the practice scattered throughout the various fugitive contributions to litemtute. 
However, that tea has been actually adulterated with sloe leaves rests on no dii^l 
eridenee worthy of consideration* ' ^ 

® JHeHoKmire dea aiiiratiom et dea feUaiJicaiiona dea sabstaneea alimentairea, by*' 
It. A. Chowllier. Paris, 1st ed., 1860. ■’ 
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of ^mending the law. In a petition presented td the National Assembly 
in, 1848, he says*: “Since 183.1 'K havb constantly addressed to the 
Chambers of Deputies petitions on the same subject, but these petitions 
havA'ever been aliortivc, and fraud has progressively augmented.” The 
first edition of liis dictionary, written in a clear style, contained an excellent 
rkmin of what was alreiuly known with regard to i'alsilicatious, and 
besides, was enriched with many new fiuits— the result of a long 
experience. 

In the same year, Ifi.lO, Alphonse Normandy, who published the 
results of thirteen years’ labour in a Handbook of Coonoereiat Analytit, 
was one of the. first who recommended the use of the micro.soope for the 
detection and discrimination of sUrches: “The sulmixturo of potato flour 
or fec\ila with wheat (lour may be very well detected by the niicroscojw,” 
p. 210. Tile scope of his work emltraced not only tho analysts of food, 
but also the cxamiimtion of a variety of commercial substances,- such as 
ores, agricultural manures, soaps, etc. Tho .arrangomeut is alphabetical; 
successive editions have brought the work to the present time. 

§ 30. A year after the appearance of Normandy’s Kgnlish and 
Chevallier’s French works appeared tho papers of Dr. llassall, in the 
pages of tho faiwccf, as alreiwly mentioned. Tho publication of these 
papers marked a now era in legal medicine and tho investigation of food, 
and the technical application of the microscope was fully developed in 
the English use. It was not so, however, among Continental chemists, 
for Hurcaux, in his llisfo'm den FidnifleaHons, jmblishwl in 1855, scarcely 
mentions the microscope, although, so far as chemical tests go, his work 
leaves nothing to be desired. This is the more curious, since the author 
was aware of the evidence given before the select committee, as is obvious 
from more than one reference. * 

§ 37. In 187 4 a movement took place in England, the eft'cct of which 
has been to give an extraordinary stimulus to analytical chemistry—viz., 
the esttvblishment of the Society of Public Analysts. Tho movement 
originatefl with a few of the leading analysts, who, after one or two 
private meetings, called a general gathering, which all those engaged in 
actual practice were invited to attend. This meeting took place at the 
Cannon Street Hotel in August 1874; and in a few months the society 
was fully urg<anised, and a definition of adulteration within certain ‘limits’ 
had been laid down as follows for the guidance of members:— 

DEFINITION OF AN ADULTERATED ARTICLE. 

An article shall bo deemed to bo adulteiuted— 

A. In the case of food or diiiik:— 

1. If it contain any ingredient which may render such article injurious to tho health 
of a consumer. 

2. If it contain any substance that sensibly increases its weight, bulk, or etcength, 
or gives it a tictitious value, imless the amount of such siibstance pivscnt be due 
to circumstances necessarily appertaining to its collection or manufacture,.or be 
necessary for its preservation, or unless tho presence t'lereof he acknowledged at - 
the timo ol sale. 

8. If any imjmrtant constituent has been wholly or in jart abstracted or oniit^ 
unless acknowledgment of such abstraction or omission be made at the time 
of sale. 

4. If it bo an imitation of, or be sold under the name of, another article. 

c , 

* P(imansiia'lt»fttlsifecitims,adress4eaVasmnhtievMimaU,hyk.0hv\iCMisc. 184R 
“ A Vamllmik of (hrmmmiul Anaiy»i», by A. Normandy. London, 1850. ’ 
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B. lu the case of drn^:— 

• 1. If when retailea for mcflicf iia! pnrpw^/'nndor a name leoegniaerl in the Britiilli ' 
Pharmacopmiu, it!« not equal in strength and purity to the atandaid laid down 
m that work. 

2. It when sold under a name not iwognised in the British Pliarmacoposia, it dilfer 
matenally from the standard laid down in approved works on Materia Medina, or 
the professed standard under which it is sold. • 

LIMITS. 

The following shall he doomed limits for the resjH'ctive articles referrt'd to 

Mm shall contain not less than 9 0 jicj cent., hy weight, of milk solids liot fat, and 
not less than 2'6 per cent, of butter fat. 

Mim Milk shall contain not less than O’O jier cent., by weight, of milk solids 
not fat. 

BvUer shall contain not less than 80'0 per cent of butter fat. 

Tea shallanot contain more than 8*0 pi*r cent, of mineral matter, calculated on tlie 
n*a dried at 100 C., of which at least 3*0 per cent, shall be soluble in water, and 
the ti‘a (w soW shall yield at least 30*0 iwr cent, of extract 

Ciicoa shall contain at least, 20 is'i* cent of cocoa-fat 

Vimjai- shall contain not leas than 3*0 per cent of accUc acid. 

§ 38. The ‘ Proceediugs,’ wliicli appeared first in the Cliemiral. Newa, were 

afterwards published in the siiecial organ of the Society—the Analyst _ 

throughout the pagen of which will be found details of numerous pro¬ 
cesses, discoveries, and improvemente in practical chemistry, which it is 
certain would, for the iuo.st jKirt, not have hoon invented or known, had 
there been no such encouraging organiB.itiou. With this brief account of 
the establishment among us of the Society of Public Analysts, we may 
bring our sketch to a clo.se. 


VI.—THE PRESENT LAW IN ENGLAND RELATIVE 
TO ADULTERATION OF FOOD. 


Tim Sail! or Food and Dmios Aar, 38 and 89 Vici. o. 63, 1876; SAur, or Pood 
AMS sDMKsr, 1879, 42 and 43 Vial*, o. 30; Th« Maeoakini 
Act, 18S7, 60 and 81 Viar. o. 29; Thb Saik of Food and Dituos Aar Amend- 
62 AND 63 VIOT. 0.61; UerrEtt and Makoakine Act, 1907, 7 Eu. 


g 3!'. The preamble of the ‘S.sic of Fooii and Drugs Act’ retieals the 
Acts m force relating to the adulteration of food. 

Section 2 of the 1875 Act defined the terra food to include every 
article used for food or drink by man, other than drugs or water, and the 
term ‘dr^ to include every medicine, for external or internal use, and 
section 26 of the 1899 Act expressly (!.\ionded the definition to flavouring 
matters and condiments. 

Section 3 of the 1875 Act. No person shall mix, colour, stain, or 
powder or order or permit any other person to mix, colour, stain or powder, 
^ article of food, with any ingredient or material so as to render the 
article injurious to healtji, with intent that the same may be sold in that 
state; ^d no person shall sell any such article so mixed, coloured, stained 
» powdered, under a penalty in each case not exceeding fifty pounds for 
ae first oflenoe: Every oflcMe after a conviction for the first offence shall 
be a misdemeanour, for whieff the person, on conviction, shall be imprisoned 
for a period not exceeding six months with hard labour. 
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„ Section 4 is very similar to thfc ant»g to drugs: “No persos 
shall, except for the purpose of compound, ^ i,ereiuafter described, mil. 
colour, Stahl, or {lowdcr, etc., etc., any dri » . ingredient or materia 
90 as to atfbct injuriously the cjuality or » ^ of such drug, with intern 

that the s.une may be sold jii tliat still 1 , ^,^^011 shall sell any sucl 

drug so mixed, coloured, stained, or pt’ , . the shine penalty ii 

Bimh case respectively as in the preced'^" section, fora first and subsequen 

The sections above quoted, forniidal .,,g ^^r, possess in reality 

no deterrent powers, but iiro perfectly ginoe no prosecution is 

likely-to succeed under these sections, supported by very 

exceptional circumstances; for the next aoct..^^^ expressly provides that no 
conviction is to bike place if the person aco'u.^^^j know of the 

article of food or drug sold by him lieing so nY.^g,j^ colonred,’staincd, or 
powdered,” and were able to show that he “coulu’jjg^ roa.sonablo 
diligenec have ohtained that knowledge.” 

§ 40. The real working sections of the Act are the folh, -ving;_ 

Section 6. No person shiill sell, 1o the prejudice of the pu, ■u.l^aser, any 
trUcle of food or any drug ‘ which is not of the nature, substaucv,., and 
quality of the article demanded by such purchaser, under a penalty nuii 
axceeding twenty pomids,^ pnivided that an offence shall not he deemed to 
be committed under this section in the following cases, that is to say; — 

1. Where any matter or any ingredient, not injurious to health, has 
been added to the food or <lrug, because the same is reipiircd for the pro¬ 
duction or preparation thereof as an article of commerce, in a state fit for 
sarriage or consumption, and not fraudulently to increase the hulk, weight. 
Dr measure of the food or drug, or conceal the quality thereof. 

2. Where the drug is a propriotafy mwlicinc, jpr is the subject of a 
patent in force, and is supplied in the state required by .the specification of 
the patent. 

3. Where the food or drug is compounded as in this Act mentioned. 

4. Where the food or drug is unavoidably mixed with some extraneous 
matter in the process of collection or preparation. 

In the amended Act, the second section, 42 and 43 Viet, c. 30, states that in any 
proseentiun under the pixivieioiis of the principal Act for selling to the prejudice of the 
punshaser any article of food or any drug, which is not of the nature, ete., it shall be no 
jefence to any such proseention to allege that the purchaser, having bonght only for 
inalysis, was not prejudiced by such sale. Neither shall it be a good defence to prove 
that the aiticle in question, tliongh defective in nature or substance or quality, was not 
Icfeotivo in all three respects.’ • 

* The case of Dioldns v, Kandei'sen, King’s Bench Division, Times, Jan. 80, 1801, 
Dstablishes the prinei|>le that if a drag is in the Phannaeopuda and that drug is askM 
for, it is an oirouco, niider section 6, to supply the same drug of a differont strength or' 
itandard to that of the British Fkarmaoopoeia. In the case of Powle v. Fowls, 
30 ,T. P. 758 Q. B. D., adulterated beeswax sold by a grocer was held under the specnal 
siniumstanoes of the case not to be a drug, although mentioued in the P. B. 

* In the amended Act of 1899, by section 17, a second offence is punishable by a fine 
af £60 or less; a third or snbsequent offence, of £100 or less. The second or subsequent 
offences may under certain circumstances be punishable by imprisonment, with or with¬ 
out hard labour, for a iieriod not exceeding three months. 

’ Mr Justice Mellor, in the case of Hoyle «. Hitchman, L. B. 4 Q. B. D. 230, 48 J, P, 
181, gave a judgment clearly expnessing the meaning of prejudice to the purchaser. 
" The offence intended to be prevented by the Act was the fraudulent sale of artudes 
sdnlterated by the admixture of foreign substances, which would necessarily be to tha 
prqindice of the purchaser, and these words wero inserted only to require that such. 
adulteration should be shown to have been made; and further, if the purchaser asks tar'. 
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Ai.?* amended Act \f,to be read with tlie aixth section of the 

J’” f <I«^«miining whether an ofteuoe has been eommitted 

* to the prejudice of the purchaser spirits not 

adultorat^otherw-isethan by the admixture of water, it shall be a coed dcfoiieo to mwe 

the spirit more than twentoXo decrees ander 
proof for brandy, whisky, or rum, or thirty-live dei'rees piider proof ror frin.”i 

Section 7 of the principal Act enacts tliat ‘‘No person shall sell any 
compound article of food, or compounded drug, which is nob composed of 
Sw^ln'^ 20 '^***”^*^*"^*****^ ''**^** demand of the purchaser; iienulty not 

Section 8 provides “That no person shall bo guilty of any such offence 
as aforesaid m respect of the sale of an article of food or a drug mixed 
with any matter or ingredient not injurious to health, and not intended 
iraudnlently to increase its bulk, weight, or measure, or conceal its inferior 
quality, if at the time of delivering such article or drug he shall supply to 
the person receiving the same a notice by a lalml distinctly and legibly 
written or printed on or with the article or drug, to the cti'ect that the 
same IS mixed. Ihis label, by the 12th section of the 18‘J9 Act, is to be 
legibly written or printed, and not obscured by other matters on the label. 

Section J enacts “ rtiat no person shall, with the intent that the same 
^y be sold in its altered state without notice, alistraet from an article of 
fowl any pvrt of it so as to affect injuriously its quality, subslance, or 
nature, and no person shall sell any article so altered without making dis- 
olosiire of the alteration, under a penalty in each case not exceeding jC20.” 
Hilly,^7i ®*dcf loopholes which offenders against 1 I 10 Act have 

^•ii’*'l,y ** 1 ® W>el section. Section 8. A label 

^'‘e ill large letters, such as COCOA, 
COhl EE, etc., and then in miserably small type a statement that the 
art, ck IS mixed. In the case of Liddiaxd v. Keece (44 J. V- fflW), a gi-ocer 
Ikf a mixture of coffee and ohicoiy to an inspector: 

the mature was contained in a canister, and was duly weighed, and the 
full price of coffee was paid for it. After the sale had been completed, tlio 
appellant tliat he intended to have the article 

appeffant called the purchaser’s attention to the laliol, on which the 
^rohaser noticed for the first time the words, “ This is gold us a mixture 

kb^f wa7aCfl/“^“’ "* chanictem. The 

^1 was affixed in a conspicuous position on the outside of the packet 

mu'* ‘ooffee.’ and not for 

6^,2 eni! to consist of 

hearing of the case before 

•?ThS ihaf-^il ‘®^ J**®, following grounds:— 

The fact that the purchaser asked for coffee and was supplied witli an 


net intorferiurwith th.Cf T iramho*®' a« aeoes^ry for th'e‘im^uo* of 

«»‘Iy guilty, and this Wjis a sufficient aigumeut gainst auch a 

to Jut !■ ^ ^ '“d been Im- 
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luticle ooiiHisting of only 00 per oej?l^ coffije and 40 per cent, chicory,'witk- 
out having his attention called to the lahcl; and without, in fact, seeing 
it until the purchase was completed, and also the.fact tint the price he 
paid for the said article was a usual and fair price for pure coftee, and 
much more than would have been given for colfee mixed with chicory to 
the above extent.... and that, therefore, the appellant was not protected 
by the said eighth section.” 

On appeal the conviction was alliriiiod. Tn Petchey v. Taylor, 62 J. P. 
360, Q. r>. D., a conviction for selling condensed milk in a tin, the label of 
which stated the milk w:i8 skimmed, whereas the milk was sepirated, not 
skimmed, was affirmed on .appeal. 

Tlieip is also a smiilar dreision in tlio case, of Hoiiler r. Mortdings, 44 J. P. ;i34.* 

In .Jones v. .loucs, .OS .T. P. 132, it was decided that it wiis not 
necessary to call the biLyor’s attention to the label, provided the label is 
distinct and that there is no fraudulent concealment as to the low muility 
of the article sold. The c.ase w.as that the vendor sold a mixed cocoa, the 
packet being legibly labelled as a mixture, aud it was held that the seller 
was protected by such label. Any verbal declaration is no protection 
unless it is uttered before the sale is completed. The sahi, again, is 
evidently not completed until the gocsls are delivered into the purcliaser’s 
hand, and the vendor has received the money. Should a person buy any 
sul)stance in a shop, and (after h.aving temlererl his money, and the same 
has been accepted) proceed to sbtte that the article is reipiired for analysis, 
aud the vendor //im attempt to return the monej'; if tlie purchaser docs 
not accept the money, the sale is evidently com])lete. On the other hand 
—an inspector wont into a druggist’s shop and asked for (piinine wine. 
The chemist served him w ith the wine, wrapped it up, and laid it on the 
counter. The iusiicctor then ])r(xluced his bottles, and declaring the 
nature of his errand, was about to divide the wine into three jvirts, when 
the druggist sciziid the liottle and refused to sell the wine, which, a 
moment lioforc, by his actions he seemed ready to do. In this case, the 
sale was not complete. But now, let us suppose that the inspector liad 
been a little quicker than the chemist, and seized the sample, and, not¬ 
withstanding the expressed refusal of the druggist to sell, the inspector 
had cast his money on the counter—Would the drug have been sold? 
This question is somewhat difficult to answer, but we think tliat it would 

' This case probably overthrows the case reported in the Titma, June 8, 1879, Gibson 
V. Leaper, a proseeutioii underbikoti under tbo old Act, 86 and 36 Vic., c. W, sections 
2 and 8. On conviction the vendor apiiealed. The case was that of a Spalding grocer, 
who sold a packe,t of ‘Epps’s Cocoa' without making any vorlsil statement of its 
oontiinls. The mcket was labelled with the words “ jireiiarod cocoa—for ingreffients, 
see the other side,*' and on the other side was a notiheation to the effect that it was 
necessary in order to make the oil in the cocoa soluble and ea.sy of diration, to combine 
with it arrowroot and sugar. The court quashed tbo conviction, holding that assuming 
the cocoa to be adrrlterat^, it had rrot been sold as unadulterated. In the case of Pope 
V. Turle (43, Law Jmtnal), May 28, 1874, the .lusticcs of Bedford disttrissed a summons 
for selling adulterated mrrstanl, anti the rrar'chsser appealed. It was stated in the case 
that at the time the respondent dcliveretf the mrrstard to the apwllant he said: “I do 
not sell you this as pure mrrstard.” 'Phe mustard was found to be the conrmott mixture 
of flour and mustard. Lord Coloridmr, Mr Justice Brett, arrd Mr Justice Grove were 
undivided in their o|iinion that the seller WWs entitled to tbeir.judgrnent on the grontid 
of his having declarerl to the purchaser that the mirdard was mixed witlr some^otlret 
ingredient, arrd that, even had he not dorre so, he crnild rrot come within the section to 
incur the (xmalty, Isrcartse if the admixture was srtch as to make it an adulterated article 
ktUI he had not sold it as an rmadnlterated article. 
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liave teen a sale, and, adult 0 ,ation had boeif'^roved, the vondSr woo’d 
probably not have escaped through ifldjptuig the defence that there had 
been ‘no sale,’* 

§ 42. 'ITiero is an important question as to how far a vendor cimjbe 
protected by having a board in or over his shop or place of business, giving 
notice to tlie (dfcct that all the goods are iidulterated. 

The English law is made for those who cannot read as well as for those 
who can: and presuming a purchaser to bo uneducated, the notice gives 
him no information. Again, it is certain that a very largo number of 
purelmsera, even should the notic(! be in a conspicuous place, fail to observe 
it. In most ciiscs iu actual pnudice such notices arc distinct 'evasions of 
the Act, bemg inconspicuous, and in dark corners. 

A Bcllev of milk had a van on which a notice was placed, “ Country 
shimmed o. 'k, sold as adulterated milk.” The man with his can went on 
foot from door to door, the van being in the road. It is evident that, in 
such a case, very few of the customers could have seen the laltcl. An 
inspector who bought a sample of the milk did not see it, and the magis¬ 
trate convictcsl the defendant.'* The imimrtant ajrpcal case of Saudys o. 
Smidl,* decided before the Court of Queen’s Bench, .luiie 25, 1878, bears 
upon this and lays down the law. A publican put up a notice in his 
house: “ All spirits sold here arc nii.\ed.” The iuaj)Cctor of weights sent 
a messenger to buy some whisky, which was given without anything more 
being said on citlior side; but the jmrdiaacr admittcil that before he 
bought the wdusky he saw the notice, “All spirits sold here arc mixed, 38 
and 39 Viet., c. 63, sec. 8 and 9,” although at the very moment of buying 
the whisky he did not see it. It was ])roved that a similar notice was 
pisted at the b.ar window in full view of persons purchasing. Chief- 
dustice^loiikburn said:—“If tho seller chooses to sell an article with a 
cert-iin admivturc, tho onus lies on him to prove that the purcliaser knew 
what ho was purchasing. With respect to the alteration of tho article, 
tho Act has provided .him with the means of protecting himself against 
such a presumption, and says that if ho attaches to the article a notice of 
the adulteration which has been made iu its (juality, then he shall be 
protected agtiinst .wy charge of an oftoiioe against tho Act. If he does not 
resort to this protection, then the presumjrtion of law attaches,, and is 
nnrebutted. If he can show that ho brought home by other ways to tho 
knowledge of the customer that the quality of tho article was altered 
by admixture, then ho docs not commit the offence, because both parties 
knew it, and the seller does not sell an article to the prejudice of the 
purchaser, and the parties are perfectly free to contract on that footing. 
In that view the seller, if he has stuck up a notice, would not commit an 
offence though ho might not have otrxed a label to the bottle, because he 
did not sell ‘to the prejudice of the purchaser.’ ... It was sufficiently 
manifest that the man who was scut to buy the whisky knew of tho notice 
stuck up, and hence it was clear that the defendant committed no offence.” 

From this judgment it is sufficiently ev’dent that where the general 
label or notice has been clearly scon and understood before making the 
purchase, then no offence is committed. Tho decision of Liddiard v. Ileece 
does not cover exactly the same ground as tho ease just quoted, but both 
appear to support the view here put forward— viz., that the defendant is 

* In any case, the druggist juight have been prosecuted under sect 17 of the 
prinei{>al Act, for refusing to sell. , 

AnaUjU, 1880, p 225, . » L. R. 32 Q. B, D. 448 ; 42 J. P, 660. 
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bound t6 prove that the purchaser had a; clear knowledge of the quality of 
the goods before purchasing. , 

In Palmer v. Tyler, 61 J. P. 389 Q. B. D., a notice of general dilution 
of jipirits was hung in a conspicuous place in a bar, a sample of rum 29' 
U.P., bought by an inspector who did not see the notice, formed the 
subject matter of a luivgistorial conviction. On appeal the,conviction was 
quashed. 

§ 4.3. Section 10 provides for the aiipointmcnt of jmblic analysts in 
England, Scotland, and Ireland, by various loe.al bodies, such as, in 
England, the Commissinners of Sewers for the City of London, the District 
Councils of the Metropolis, the County Councils of Counties, and the 
Town Councils of Boroughs with a seiiar.ito jsilice establishment; in 
Scotland, the Commissioners of Sujqily, or the Commissioners of Boards of 
Polie,e, or, where there arc no such Comraissimiers, the TowiijCouncils of 
Burghs; and in Ireland, the Crand Juries of the Counties .an<i the Town 
Councils of the Boroughs. 

These appointments must Vie confirmed by a central authority, which 
in England is the Local (iovermnent. Board; in Scotland, one of Her 
Majesty’s Secretaries of State; and in Ireland, the Irish Ixieal flovornment 
Board. I’he appointment is now compulsory under section 3 of the ■ 
Amendment Act 1899. 

The qualifications of the analyst are, to a certain extent, defined by the 
Act of 187.3, but tbe amended Act of 1899 compels proofs of compclcncj' 
according to regulations made by tbe Lorsal tlovcnmieiit Bo.ard, section 3 (.'>), 
aud an order and circular issued by the Local Government Board, March 7, 
1900, defines the qualifications as follows;— 

“Every peraon appointed on or after tbe first day of January, one 
thousand nine hundred, to the office of I’liblic Analyst, shall furnish such 
proof as wo may deem sufficient of his competent skill in, and knowleiige 
of, (a) analytical chemistry, (3) therapeutics, and (c) microscopy. 

“ Such proof shall in every case comprise documentary evidence that 
such person holds the requisite certifiisite, diploma, license, or document 
conferring the (pialifleation, or attesting his possession of the skill or 
knowledge to which the same applies, and granted or issued by any person 
or body of persons for the time being recognised by us as competent to 
confer such qualification, or to test such skill or knowledge. Such proof 
shall also comprise such further evidence as we may in any particular case 
require. 

“All such documentary evidcn(!e as is hereinbefore mentioned shall be 
furnished by such person to the local authority by whom he is appointed, 
and shall bo transmitted to us by the local authority when applying for 
our approval of the apjwintment. 

“ Provided that nothing in this regulation contained shall, in the case 
of any person who was appointed to the office of Public Analyst with our 
approval, between the first day of January, one thousand eight hundred 
and ninety-one. and the date hereof, or of any person who is so appointed 
for the first time after such last-mentioned date, apply upon any sub^quent 
appointment of such person to the said office.” 

“ As regards the reference in the Order to a person or body of persons 
whom the Board may from time to time recognise as competent to confer' 
’■ the requisite qualification, or to test the skill or knowledge of which proof 
is required by the Order, the Board may state that it would accord wiA 
their existing piuctice to accept os sufficient documentary evidence of tbe 
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requisite qualification lAider tile Aqts the Diploma of FclldWsliip or 
Associateship of the Institute of Chdfiflstiy of Great Britain and trulanA, 
together witli the Certificate granted by the Institute after an exstnination, 
conducted by them on lines approved by the Board, in tbersjjoutics, 
pharmacology, and niicroscopy.” 

“The jioaaeBsion of a diploma as a regiswrod medical pra<!titioncr is 
accepted as sufficient proof of competency in microscopy and thora|H;utics, 
and it would only be necessary that a medical practitioner appointed as a 
public analyst should furnish evidence of competent skill in, and knowledge 
of, analytical chemistry.” 

“ Evidence of skill or knowledge on the part of a candidate ui respect of 
any of the qualifications referred to ns re(piisite, which is tendered by an 
individual, must be from a person recognised as entitled to sjsiak with 
authority t.. to proficiency in the particular qualification in (luesliou.” 

The eleventh section distinctly lays down the' principle of combination, 
enacting that the town covincil of any borough may unite with that of any 
neighbouring borough in appointing an analyst jointly; or the analyst for 
the county in which the Ismaigb is sihuited may act upon arrangement as 
analyst for their borough. Those who are practically acquainted with the 
subject know' that it is only in the largest and most populous places in 
England that any kind of living can be made out of a p\iblic analytical 
apimintment. lienee it follows that an analyst fur a small place must 
either have private means or that his chief occupation must Ix) of a more 
remunerative nature; it is, therefore, highly desirable that the analysis of 
foods and drags should be in a few hands only, and that an analyst should 
hold many appointments of the same nature. In this way, and in this 
way only, will it bo possible to have properly-fitted laboratories, supplied 
with all the expensive appliances of modern research, and in this way only 
will it bo ixjssible to improve the processes of analysis. It is also a fact, 
from the very few cases in which an experienced analyst has to attend as 
witness, that there would be no inoonvenienoe, wore all the northern, 
counties to have their samples analysed at Sheffield, Manchester, or ITork; 
the western and south-western counties at Bristol; and the rest of England 
at the London laboratories. I’robably also the whole of the Scotch samples 
could be dealt witli in Glasgow and I'kiiuburgh, and the Irish, in like' 

, manner, in two of the chief cities. 

§ 44. Section 12 of the princiijal Act provides for the purchase of' 
samples by any purchaser for anaiyais by the public analyst for the districtr 
in which the purchase is made, on payment to such analyst of a sum not 
exceeding ten shillings and sixpence; or if there is no analyst a))poiutnd. 
for the district, to the analyst of another place. In this latter case the fee 
appears to be a matter of private arrangement, for the words of the Act 
ere—“such sum as may be agreed iqion between such person and the 
analyst.” In cither case, the analyst must give a certificate of his results 
to the purchaser. Whether the purchaser is bound to purcliase the article 
in th< manner directed in section 14 is still "n undccid^ point. 

It is evident timt, for legal purposes, the official analyst must be 
employed, and that under the Act no prosecution can be undertaken 
except on his certifiwtr. Thus, at the Manchester Police Court, the! 
Milk-Dealers’ Protection Society attempted to prosecute on the certificate 
of a private analyst, but on this technical ground alone the magistrate 
...dismissed the case.' • 

. • t 

^ AncUyat, 1879, toI. iv« p. 74. 
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l^re‘is no authority pven by the Adi for a Public Analyst himself to ’ 
appoint a deputy. At Bristol the aiaiyst aufferiu); from illness deputed ad 
analyst in a neighbouring district to do his work. The depiity certified 
to the adulteration of a sample of milk. The defendant took advantage 
of this omission in the Act and successfully disputed the power of an, 
analyst to appoint, even under the circumstance of illness, (. deputy to do 
his statutory duty. 

Whether this case should have been otherwise decided on appeal is not 
clear, for the next section gives power to a purchaser to take a sample to 
‘ the analyst of another place ’ should there be no analyst ‘ acting for such , 
place’; and it might bo reasonably argued that an analyst disabled by 
illness is for the time ‘ not acting for such place.’ 

§ 45. The thirteenth section of the old Act and the third section of 
the amended Act should bo road together:— '' 

“ Any medical officer of health, inspector of nuisances, or inspector of 
weights and measures, or any inspector of a market, or any {wlice-constable 
under the direction and at the cost of the local authority appointing such 
ofScer, inspector, or constable, or charged with the execution of this Act, 
may procure any sample of food or drugs, and if he suspect the same to 
have been sold to him contrary to any provision of this Act, shall submit 
the same to be analysed by the analyst of the district or place for which 
he acts; or if there Iw no such analyst then acting for such place, to the 
analyst of another place ; and such analyst shall, upon receiving payment 
as is provided in the hist section, with all convenient speed, analj'se the 
same and give a certificate to such officer, wherein he shall specify the 
r^ult of the analysis.” 

By section 3 of the 1879 Act, the same individuals “ may procure at the 
place of delivery any sample of any milk in course of delivery‘to the 
purchaser or consignee, in pursuance of any contract for the sale to such 
purchaser or consignee of such milk,” and by section 10 of the Act of 
1899, a sample of milk “ or of margarine or margarine cheese forwarded by 
a pblic conveyance, the person taking the sample shall forward by 
registered parcel, or otherwise, a portion of the sample marked, and sealed, 
fit fastened up, to the consignor if his name and address appear on the can 
or package containing the article required.” 

Section 4 of the 1879 Act provides a penalty for refusal to submit 
samples of milk to be taken, of a sum not exceeding £10. 

Section 17 of the principal Act also provides a penalty not exceeding 
£10, for refusal to sell to the persons appointed to carry out the Act any 
'•article of food or any drug exposed for sale, or on sale by retail on any 
premises, or in any shop or stores. The purchaser shall tender the price 
for the quantity which he shall require for the purpose of analysis, not 
being more than shall be reasonably requisite.” 

Any street or place of public resort is held to come within the meaning 
of this section. 

It is perfectly clear from the seotious quoted, that if a sample bo taken' 
of milk in transit, that sample must be taken at the place of .delivery. If, 
,Ior example, a milkman is driving hb cart through Oxford Street, it would 
not be legal for an inspector to stop the cart and require a sample of the. 
'milk. The sample must be taken at the place where the milk b delivered, ■ 
This may be a house, or it may be a railway-station, or it may be a publb' 
booth where the milk is sold at so much a gla^. 

■ Previous to this amendment of the law, according to the case of Bou^ | 
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V Ball,* it was not necessM)* to divide the sample at the'plnce, W 
deliveiy. • *• ' 

§ 46. Section 14 fully details the method to be pnrsticd by any 
piurchaHor under the Sale of Food and Drugs Act. « 

The person purchasing any article with the intention of submitting 
the aame to I)0>ana1ysed, shall, after the purchaAi shall have been completed, 
forthwith notify to the seller or his agent selling the article, his intention 
to have the same analysed by the public analyst, and shall offer to divide 
the article into three parts to be then and there separated, and each part 
, to be marked and sealed up or fastened up, as its nature will permit^ and 
shall, if required to do so, proceed accordingly, and shall deliver one of 
the ports to the seller or his agent. He shall afterwards retain one of 
the said jmrts fur future comparison, and submit the third part, if he deem 
it right to Slave the article analysed, to the analyst.® 

^tiun 15. If the seller or his agent do nut accept the offer of the 
purchaser to divide the article purchased in his presence, the analyst 
i-eceiving the same article for analysis shall divide the same into two parts, 
and shall seal or fasten up one of those parts, and shall cause it to be 
delivered, either upon receipt of the sample, or when ho supplies his 
certificate to the pui'chuser. who shall retain the same for production, in 
case proceedings shall afterwards he taken in the matter, 

Iir the case of Horder w, Scott,® heard in the Queen’s Bench Division 
licfore Justices Lush and Field, on the 4th of May 1880, it was made 
clear that an inspector could appoint a dejinty. The case was an appeal 
from a decision of justices in tiie county of Stafford. An inspector under 
the Act had deputed his assistant to purchase a sample of coffee, which 
was du^ divided in conformity with the Act, and the analyst certified to 
its adulteration with chicory. The magistrates, however, considered that 
as the procewlings were initiated by the inspector in his official capacity, 
ho having laid the information, and having regard to. scStions 13, 14, and. 
17 of the Act, should personally have purchased the article, and the case 
was dismissed. Tliis, Mr. Justice Field said, was entirely wrong—“It 
did not signify whether the inspector purchased by his own hand or by 
his agent. I'lieu the magistrates had decided, secondly, that Samuel' 
Toy, being the purchaser, should have submitted the article to the county 

. analyst; there again he thought the magistrates were wrong.If 

^ the thing were properly analysed, it does not signify through whose hand*’ 
the aiticle was bought.” 

On the purchase of an article it is evidently essential to say, not on^ 
'/ tihat it is the purchaser’s intention to have it analysed, but “analysed by' 
the public analyst,” care being taken to uso the exact words of the Act. 
This objection has been several times raised with effect. When a deputy 
j t purchases samples, it would be a mistake for the inspector to appear and seiu 
; ■ the samples. This had better be ieft to the purchaser, who can then imme- 
■ diacely, or at any subsequent period, hand the samples to the inspeptor,! 
S. by whom they should be delivered to the analyst. It is obvious that legal' 

. fftoof will be required as to the proper keeping and delivery of the samples,’. 

It has been argued that the mvision of the sample into three partjr, 
' means three equal parts; but there is no direction in the Act as to 
: * L. E. 62 Q, B. a 17: 60 L. J. 6; 15 J. P. 220. 

:;J-A , * In a recent appeal case (Mssen v. Oowdaiy) it was held that if, for examine, 
j|miai*te bottles bo pnrehased, iBis not sofficieut to give two battles to the vendor {j 
battle nuut be divided into three jiarta. 

Q- B. D. 552 > lO L. J. 78 11 J. F. 520, 796. . 



‘Wual division. At the same time, should the purchaser leayS with the"' ,' 
-teller, or keep himself, an insuffidwt quantity for, any further analysing 
there would be an infringement of the spirit of the Act ; for the purj^e 
.of tte division evidently is to provide against any mistake or wrong 
'interpretation of facts on the part of the analyst. Should another aualysis 
be rcrpiired, it would not* be right that the seller should be put at a 
disadvantage by any marked or great inequality in the division of the 
parts; hence it wiil be prudent for purchasers to divide the substance 
into three parts as nearly equal as may be, but it is unnecessary to use 
for this purpose balances or measures. 

On the seller or his agent not accepting the offer of the purchaser to 
divide the sample into throe parts, it becomes the duty of the analyst to 
divide it into two parts. There is no direct stipulation as to when this 
is to be done, for the analyst is permitted to keep, if he ohoosesf the whole, 
until the termination of the analysis; but it is evidently tho course most 
free from objection to divide it into two approximately equal parts 
immediately on receipt of the sample, to seal it in the presence of the 
purchaser, and deliver one of the parts to the purcliaser. 

§ 47. Section 16 ’ permits articles to he sent by post after being duly 
registered, and the Postmaster-General has made the following regulations 
with regard to tho transmission of samplesKaeh paokot must bo 
addressed aeonrding to tho official designation of the analyst, as ‘public 
analyst,’ or otherwise; the nature of its contents must be stated on the 
front of the packet. Any postmaster, at whose office a packet for a public 
analyst shall be tendered for registration, may refuse to accept it for this 
purpose, unless it bo packed in so secure a manner as to render it at least 
u^ikely that its contents will escape, and injure the correspondence. 
Liquids for analysis shall bo contained in stout bottles or bladder^ which 
shall be enclosed in strong wooden boxes witli rounded edges—-the boxes 
being covered by stout wrappore of paper or cloth, and no such packet • 
.shall exceed eight inches in length, four in width, or three inches in depth. 

No packet whatever atldressed to a public analyst shall exceed the dimen- 
sians of eighteen inches in length, nine inches in width, or six inches in 
depth. The postage and registration-fee on each packet must Iw prepaid.” 

§ 4-8. Section 18 states that the certificate shall be in tho form set forth 
in the schedule, or to tho like effect. These last few words are important, 

,Ior the analyst thereby is not absolutely confined to the certificate in the 
schedule. Notwithstanding this, it is safer to adhere strictly to the exact 
Jorin of certificate, and not to attempt to modify it in any way. It has 
.^en laid down by Fortune v. Hemson, 60 J, I*. 88^ that the grounds upon 
-which the analyst bases his opinion mus^ be given; it is not sufficient to 
mf, e.g:, that a sample of milk is diluted Igr the addition of 20 per cent, of 
^ator j the reason why the analyst thinks that the 20 per cent, has beW 
Mded must be stated. In certain foods—one of which is milk—the pnUio 
?^t^ts of this country have agreed njKra forms of expression, the- 
biertificate for milk being as follows:—“I am of opinipn that the said 
contains the parts as under:— 

Milk. 

Added water, . 

mm 

opiniim is based upon the facts that tb^sample contained only.. -I 
’ See also sect 16 of tho Act of 1869, wkiob verbally amends this setfiaoin- -; . / 



oaqt, d ,non-fatty selidt,’ whefe^ nopial milk contains at least 
tent. Since the above form'of teftiiicate embodies the prii«)i|iO:l 
Fortum v. Sanson, it is likely to stand. _ ' 1 ? 

In the case of any article liable to decompositiop, the analyst taiu 
certify apeoially as to whether “ any change has fakmplaeein the consHtuiio 
of the article dhat would interfere mth the aMysis.” Milk and butter at 
specifically mentioned, but the rule would evidently apply to all food 
preserved in tins, provided the tin has been opened. It might also b 
argued that many other substances (such as wine or beer) are liable t 
decomposition; hence it will be better for the analyst to give tiii 
matter rather a wide interpretation, and insert in Ids certificate th 
necessary words, if called upon to certify in reference to any substanc 
that, under any conditions, is liable to decompose. The exact words raua 
be used, !«■ in an appeal heard at the Middlesex Sessions, October 1881 
Peart ». Edwards,* the analyst certified that the milk was fresh wh« 
delivered to him, but omitted to specify whether “ any change had t^e 
place in the constitution of the article, so as to interfere with the analysis ” 
and on this ground the assistant-judge quashed the conviction. 

Section 19 provides for the regular quarterly reports of the analyst 
copies of which are to be transmitted to the Local Government Board. ^ I: 
as in many cases, no work at all has been done under the Act, it j 
evidently the duty of the analyst to send a ‘ nil ’ report. 

Section 20 provides for the institution of pioce^ngs. The Ac'' iay»- 
“ The person causing analysis may take proceedings,” Ho, therefore, nee 
not be the actual purchaser; and it is nsnal for an inspector to take th 
summons out on behalf of the public body for which he acts. 

In all prosecutions under the Act, and notwithstanding the section jtii 
quote^l the summons must be served within a reasonable time, and in th 
case of a perishable article— e.g., milk—not exceeding twenty-eight days fioi 
the time of the purchase, etc. The summons must state* the particulars « 
the offence or offences, and also the name of the prosecutor; and^ it mm 
not be made returnable in less than seven days from the day it is serve 
upon the person summoned. 

Section 21 of the principal Act provides that the certificate of th 
analyst shall serve as evidence; therefore unless specially required, h 
• need not attend. Section 22 of the Act of 1899 in addition makes 
certificaus of a public analyst in like manner evidence. In the first 
the defendant may, however, require the attendance of the analyst, in.tG 
second the prosecutor has the like privilege. ' ' 

§ 49. Section 22 provides for a part of the sample, or samples, to 1 
,,juudysed at Somerset House, in case of any dispute os to the corredttei 
"-of the analysis. The sample must be sent by order of the justices ;^ 
stipendiary magistrate), and would not be received if sent by .eitbif 
.party direct. The results of the otficial analysis should be consideriadf.s 
i'tlte written opinion of a referee not final but yet entitled to great wei(^i 
S xslion 23 provides for an appeal to Quarter Sessions. ' ■'> 

Section 25 gives the opportunity to the defendant to prove, by writie 
warranty, "that he had no reason to believe at the time when be edd..'; 
that the article was otherwise than of Gte nature, quality, etc., demaiided 
J'tbat he sold it in the same state as when he purchased it.” On prod ^ 
the defendant may be discharged from the prosecution, but he ii| 
A f *> 44J. P, 699. 768. ■jfeS 
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have to pay costs, unless he has givetunotitfS to thfi prosecutor that he 'will 
adopt this line of defence. *•* >■ • 

The warranty or invoice is not available as a defence, unless the 
defiSidant has sent to the purchaser a copy of such warranty or invoice 
ee^en days after service of the summons, stating he intends to rely upon it, 
with the name and address* of the warrantor, to whom bet must send a 
similar notice.—Sale of Food and Drugs Act, 1899, section 20, where the 
defendant is a servant of the person who has puroliased under warranty 
and may >ise such warranty for defence.— Jh. 

In the case of Kook v. Hopley,* it was decided that an invoice containing 
a description of an article sold to a retail dealer is not such a written warranty 
as is required by section 26; and a retail dealer who sells an adulterated 
article in the same state as he purchased it will not, by virtue of such a docu¬ 
ment, bo entitled to be discharged on being summoned before a Ringistrate. 

Section 26 provides for the payment of penalties recovered to the 
authority, for the purpose of defraying the expenses of the Act. 

Section 27 has stringent clauses relative to persons convicted of forging 
warranties, wilfully applying a certificate or warranty of an article of food 
or drug to any other article of food or drug, the giving of a false warranty, 
and wilfully giving a label falsely describing the article sold. See also 
section 20 of the Act of 1899. 

This latter clause of the section—viz., “ Every person who shall wilfully 
give a label with auy article sold by him, which shall falsely describe the 
article sold, shall be guilty of an ofiTence under this Act,” etc.—would 
apply to a great many cases of adulteration in which the article is wrongly 
described by labol; but it is evident that guilty knowledge must be proved, 
for the word ‘ wilfully ’ presupposes guilty knowledge. In most cases, unless 
the actual manufacturer were summoned, ignorance would be pleaded. 

Section 28 provides that nothing in the Act shall affect the power of pro¬ 
ceeding by indictment, or take away any other remedy against any offender 
under the Act, or in any way interfere with contracts and bargains betweeiti 
individuals, and the rights and remedies belonging thereto, provided tb^ 
in any action brought by any person for a breach of contract on the sale 
of any article of food or any drug, such person may recover alone, or in 
addition to any other damages recoverable by him, the amount of any 
penalty in which he may have been convicted under this Act, together with 
the costs paid by him upon such conviction, and those incurred by him in 
and about his defence thereto, if he prove that the article or drug, the sub¬ 
ject of such conviction, was sold to him as and for an article or drug of the 
same nature, substance, and quality as that which -was demanded of him, 
gnd that he purchased it not knowing it to be otherwise, and afterwards 
.^d it in the same state in which ho purchased it—the defendant, in such 
action, being nevertheless at liberty to prove that the conviction was wrong- 

or that the amount of costs awarded or claimed was unreasonable. 

' ' The 30th section of the Act provides fur the examination of tea on 
importation. 

.. The affect of this examination has been so good that adulterated tea, 
in comparison with the period before the Act, kis decreased in a very 
marked degree. 

§ 60. Milk, Miinjririne,^ Margarine Cheese and Butter. —The Margarine 
' > L. E. 34 D. 209 ; 42 .1. P. .451. i 

* The Butter sad Margerine Act, 1907, gives a definitiaii at lasr^riiie (sect IS) and 
ngulatee tile manufacture of margarine. See Appendix. 
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Act of 188Y, and the S&lo of yooi^nd Drugs Act of 1899, an speK/Sd^*?. 
directed against {rand's with reg’ard to*the al)ovc articles, besides which 
Act of 1899 creates a new Authority superintending tlio S.ile of Food and ^ 
Drugs Acts—^viz., the Board of Agriculture. • 

The latter Board is empowered (.Sale of Foods and Drugs Act, 1899, ' 
sect. 4) to luftke regulations; in other wordS, to fix standards or limits, 
with regard to milk, cream, butter or cheese, and under this section the 
Board has nmdo the following regulations;— 

Sale of Milk RK(iui.ATioss, 1901. 

The Board of Agriculture, in exercise of the powiirs conferred on them 
by section 4 of the Sale of Food and Drugs Act, have made the following 
Regulations:— 

* Milk. 

1. Where asamplc of milk (not being milk sold as skimmed, or separated, 
or condensed, milk) contiiins less than 3 per cent, of milk-fat, it shall be 
liresumod for the purjwses of the Sale of Food and Drugs Acts, 1875 to 
1899, until the contrary is proved, that the milk is not genuine, by reason 
of the abstraction therefrom of milk-fat, or the addition thereto of water. 

2. Where a sample of milk (not being milk sold as skimmed, or 
separated, or condensed, milk) contains less than 8'5 per cent, of milk- . 
solids other tluvn milk fat, it shall be presumed fur the jmrpnses of the - 
Sale of Food and Drugs Acts, IS'.u to 1899, until the contrary is proved,’ 
that the milk is not genuine, by reason of the abstraction therefrom of 
milk-solids other than milk-fat, or the addition tliereto of water. 

Skimmeil or So/taratnl Milk. 

3. •Whore a sample of skimmed or separated milk (not being condensed 
milk)coutains less than 9 percent, of milk-solids, it sh.tll be presumed for the 
purposes of the Sale of Food and Drugs Acts, 1875 to J899, until the eou- 
trary is proved, that the milk is nut genuine, by reason of the abstraction 
therefrom of milk-solids other than milk-fat, or the addition thereto of water. 

Extmt. 

4. These Regulations shall extend to Great Britain. 

Commenrmnent. 

6. These Regulations shall come into operation on the first day of 
September, One thousand nine hundred and one. 

Short Title. 

6. These Regulations maybe cited as the Sale of Milk Regulations, 1901.' 

Sale of BtHTER RBOtjLATtoKS, 1902. 

The Board of Agriculture, in exercise of the powers conferred on them 
by section 4 of the Sale of Food and Drugs Act, 1899, do hereby make the' 
following Regulations:— 

X. Where the proportion of water in a sample of batter exceeds 16 pef: 
cent, it shall be presumed for the purposes of the Sale of Food and Dru^ 
Acts, 1876 to 1899,,until the contrary is proved, that the butter is nq^’ 

. \ genuine by reason of the excessive amount of water therein. 

2. These Regulations extend to Great Britain. . 

3. These Regulations shall come into operation on the fifteenMi day ^ 
May, One thousand nine htmdred and two. 

A. THma KAonlA.t.innA mavViAAtf/ifl ab fliA KulAAfTtiiffAEsPA/vstlB* •/*«*« tOrakj 
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A standaid has also been madc^by ftie same statute with regard to. 
iftargarine (section 8), making it unlawful “ to manufacture, sell, espose 
for sale, or import any margurino the fat of which contains more than 
10 9 er cent, of butter fat.” 

Margarine is defined by the Margarine Act (section 3) to mean all sub¬ 
stances, whether cunipounds or otherwise,made in imitation of butter, whether 
mited with butter or not. It is unlawful to sell such a substance otherwise 
, than under the name of margarine. Margariuo cheese is defined by the 1899 
Act to mean any “ substance, whether compound or otherwise, which is pre¬ 
pared in imitation of cheese, and which contains fat not derived from milk.” 

The Act of 1899 introduces into the statute some new terms—such, for 
example, as ‘ separated milk ’ as distinguished from ‘ skimmed milk ’; there 
is also a distinction drawn between an adulterated and an ‘impoverished ’ 
article. Both the Local (Joyenimeut and the Board of Agricultftre arc em¬ 
powered to take samples and to have them analysed at the cost of the Ixmal 
Authority, the Local Government Board in relation to matters affecting 
.the general intereet of the consumer, the Board of Agriculture to matters 
affecting the general interests of Agriculture (section 2). Both Boards may 
also, under similar conditions, empower an officer to purchase samples and 
submit them for analysis in cases in which the local authority fails to do 
its duty in enforcing the Sale of Food and Drugs Acts (sections 2 and 3). 

For various other important details as to the registration of margarine- 
sellers, wholesale or retail, os to labelling packages or tins, ns to warranty, 
as to protection from importation of certain adulterated or impoverish^ 
articles, the reader is referred to the Acts themselves, published in the 
Appendix to this work. 


Butter Samples. 

Recommendations drawn up by the Board of Agriculture (Circular, 
iSth July 1903) 

1. The quantity to be purchased should not be less than one pound, 
:«xoept that it may bo expedient to purchase only half a pound where there 

reason to believe that the object of the purchase would be defeated it a 
greater quantity were demanded. 

2. The division of the sample into three parts should be made as 
equally as possible, so that the portion reserved by the purchaser may not 

. be less than one-third of the whola It is desirable that each portion 
' should consist of one piece only. 

3. The portions should not be wrapped in paper, but should be placed, 

' -vathout pressure, in dry and clean screw-capped bottles in such manner 
that the water present may be retained in the butter. 

'4. The screw-capped buttle should be provided with a cork-lined metallic 
The mouth should be as nearly as possible the full width of the bottle^ 

.' and the cork lining should be firmly screwed down against the edge of the..- 

7’hqtrie. 

' Ji. The bottle, labelled with the necessary particulars, should be enclosed 
an envelope of stout paper, and should be secured with the official send. 

(“■: d. The reserved portion should be kept in a cool dark place pending' 
production in Court in the event of proceedings being token, and, n,' 
';^(£reqted by the Court to be referred to th|. Commissioners of Inland 
’^^enue, it should be carefully packed in order to ensure its safe tram-.' 
^Mon to the Government Laboratory. 
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INTRODUCTORY. 



PART ll.-INTRODUCTORY 


A DESCRIPTION OF A FEW SPECIAL FORMS OF 
APl'AliATUS USEFUL IN FOOD-ANALYSIS 

J6L As stated in the first edition of this work, it is no part of the 
author’s plan to describe the elementary apparatus to be found in every 
toit-book, and to be seen in every laboratory. Notwithatandinj;, it will be 
convenient hero to give a brief notice of some special forms of apparatus 
useful in food-analysis. 


V . Arp.vn.vrns fok the Treatment of StiasTASCES by 

’ Various Solvents. 

It is a matter of some moment to economise alcoholic and ethereal sol¬ 
vents, a?id it is always advantageous to keep a laboratory as free as possible 
from vapours and odours. Whore a solid has to be exhausted by other or 
petroleum, one can scarcely imagine anything more coinenient than the 
ajijiaratus invented by Soxhlet, and proposed by him for the purjiosc of 
treating milk solids with ether, but in point of fact widely applicable. It ' 
consists of a glass tube (fig. 1), the size of which is perfectly under control, 
and may bo mode very large or vciy small, according to individual require- 
monts. For the purpose of milk analysis a cajiacity of 100 c.c. is ample. 
The tube is quite closed at the bottom. A; the volatile vapours ascend 
through the tube D, and are condensed in an upright condenser attached 
to A; the liquid, therefore, falls drop by drop on to the substance at A. 
When the condensed liquid reaches X, the syphon B B acts, and the whole 
of the liquid runs into the flask. The apparatus works quite automatically, 
and scarcely any ether is lost, however long the operation may last. 

Clausnizer has modified this apparatus for smidl quantities of substances 
(fig. 2). D is a tube drawn out pipeiu-. like. J is an inner tube mode so 
as to slip easily into the outer one, and pulled out in the blowpipe flame 
into a long, almost capillary stem, which is then bent up into a syphon, 
And te-minates in the flask, being made a litUe longer than the drawn-out 
portion of D. The mode of action is precisely similar to that just described. 
He volatile vapour escapes between the two tubes, until it reaches the up- 
T^ht condenser'; it is then condensed, and falls in drops on the substauoe 
in the inner ^be; and when the bend of the syphon is reached, the little 
■tinbe is at once emptied of the saturated solvent, and the process oom- 
menoes ‘ . 

Anotl]^ method is u follows (see fig. 3):—Take a flask with a wid^j, 
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neck, 6t' a small short test-tube, inta a cork that will go tightly down 
into the nock of the flask; cut tw6 Or three notches in the cork, as shown 
in the figure. The other or other solvent continually drops on to the 
substance in the tube, and when the tube is full, runs over into the 
flask, and thus the substance is at length exhausted. Similarly, any little 
apparatus may bo suspended from the cork by means of a .wire; or, lastly, 
a little tul)e may be supjiortod from the bottom by means of a platinum 
wire-support fused into the flask. 

Since the last edition of tins work, there have been published a large 
number of modifications of the details of iSoxldot’s and other apparatus for 
the extraction of dry solids, but those described answer well. 

In the extraiiiim of Hrjuvh by solvents tliore are three methods—(1) 
simply shaking of the liquid to be extracted and the solvent in a separating 
funnel; (2) allowing the solvent to bubble through the liquid, and if 



lighter than the liquid to flow from the top layer back to the flask j (3) 
the solvent flows over tlie liquid in a thin film. 

The principle of the latter two methods is illustrated by the appiaitus 
suggested by A. Wrdblowski ^ and by Hivns Malfatti * respectively. Hrob- 
lewski’s apparatus (fig. i) consists of a flask d, in, which is pla^ea the 
volatile solvent. On heating the flask the vapour ascends the tuire g, md 
the ether bubbles up through the liquid to be extracted, is coudinW'ey 
,the cold tube /, which is surrounded % the water jacket k, and -klls into ' 
the tube h, which is led to the bottom of the liquid. The etlierforms ap_, ■ 
ever-increasing layer on the top of the liquid, and at length iWhe- ^ 
level of the mouth of the tube c, and then continuously flows ba,' . ^ 
flask. Samples of the solvent can be drawn off from time to fin means 
of the stopcock at fi, in order to ascertain whether the eitractionv omolete. 
If it is, a few drops evaporated on a watch^less should leave no*nreaable 
> Z. f. amlyt. OlomU, 1897, 671. ’ Ih., 1898, S74. ^ 
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residue. Malfatti’s apiiariltus (fig. 4 a/^. jxinsists of a flfisk A for the ether, 
the vapour from the boiling ether is conveyed by the rather wide right- 
angled tube a to a condenser 6, consisting of a tube of Iciul or tin coiled 
round the glass tube. In the metal tube circulates cold water, the eth$r 
falls as it distils through a long narrow tube nearly to the bottom of the 
metre long extraction vessel C; near the top of flic tube arc two side tubes, 
the one bent 6, so as to form a trap, and provided with a funnel, the 
other connected with the flask A. Ijistly there is a vessel 1), provideil with a 




X-piece d to receive the extracted fluid. The fluid to be extracted is allowed 
to flow drop by drop from a Marriott’s flask into the funnel, and flows on to 
a spiral of fat-free wool cnrled round the inner tube. As this liquid flows 
down it comes in contact with the ether flowing up; and when the other 
reaches the level of e it flows into the flask to be again distilled. Large 
quantities of liquid can be exhausted in this way by a volatile solvent. 

There are many ingenious devices other than those just described for 
.efleoting the same purposp, but all are modifications of the two types. 
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^ When it is necessary to trca^^mhsvanccs in open dishes with volatile 
solvents, the authors use the following fipparatus (see fig. D), which, since 
the first description of it in the Chemical Society’s Jmimal,’ is to be found 
in must laboratories. 

The principle of the arrangement is simply this, that it converts an 
ordinary dish into a closeS vessed, so that other and volatile liquids may lie 
lioiled without loss; or, on the other hand, a volatile 
liipiid may ho distilled and recovered with as much 
ease as in operating with a retort. 

The essential part of the ap]iaratns consists of a, 
cast-iron body, E, e.vterual1y drum-shaped, and h.iving 
a dee]) groove. A, in which a little merenry or other 
‘sealing liquid’ is placed. Into this groove fits a 
bell-jar, IS, and the jsut marki-d I) is Rollowed out 
for the reception of a dish. The size of the dish is 
■quite indifierent; any dish will do, so long as it is 
not too large for the bell-jar to cover. The neck of 
the l)cll-jar is attached to a Liebig’s condenser. Should a substance 
require exhaustion with the solvent, the Lichig is placed in an upright 
position; should an evaporation or distillation be required, the condenser 
is placed in the usual slanting position, and in this way all the liquid 
evaporsitcd is saved. As a matter of convenience it is well to have a pair 
of th^^apparatusos in a laboratory, one with an upright, the other with a 
slanw^denscr. 

§^2l The S/rirat Balance .—A spiral balaueo, proposed and used some 
years ago by I’rof. dolly, has been tignrod and described in a former edition 
of this work. ^ 

§ 53. Yacnum Processes .—There are a variety of nnalytioal operations, 
especially those employed in toxicological and food chemistry, which for 
their proper performance require an efficient vacuum. 

S’ There are three chief varieties of mercury pumps in use, viz., the 

* Geissler, the Sprengel, and the Toepler; the disadvantage of tlie Geissler 
is the numerous stopcocks, of the Sprengel, that it is not very suitable for 
evacuating large vessels, and of the Toepler the fragility of the numerous 
branches. The mereni/pump the authors use is free from most of the 
above objections, and is known as the ‘ Physiological Mercury Pump ’; it 
is to be found in the stock of most dealers in physical and chemical 
apparatus. The diagram is sufficiently explanatory; the reservoir is filled 
with merenry, and on being raised expels the air by flowing into the bulb 
and then flows over through the snmll bored tube "P, into a small vessel 
cliarged with mercury. When the reservoir is in the jiosition shown in the 
diagram, the mercury is prevented flpwing backwards and iqiwards into 
the dgtt^^ilics by a glass float valve. By first partially exhausting a 
largoas a Winchester quart by means of a good water pump 
or a ^M^^ump, the opemtion may lie finished by the pump just 
describc?'^^^^ half-an-hour, and smaller pieces of ap[iaratus in propor¬ 
tionately less tune. 

’ A new aud sini|pe Amwratus for the trcatmont of substsners in open dishes by 
volatile solvents. By A Wyntor Myth, Jowm. Cketa. See., March 1880. 
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ThH MiCHOSCOPB, THB SrBCTKOSciifB, AND THE AkT OF PnOTOC- 
BAPllV A8 API’UKD to THB (jHKMlSTKY OP PlKlD. 


§ 54, There are so muiiy special works (iescribinK the microscope, that 
it will l)c quite unncocssiiry to burden the pages«of this book with informa- 
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. 1 ^ go readily accessible.' The chemist, as a rule, will find a biiiocula 
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most suitable for his purpose, forCt ii/only iilth a binocular that it is 
possible to have a really good vicw^of oi^tals. Besides, the instrument is 
so readily oonvortod into a monocular, that it possesses the advantages of 
tBo latter combined with its own. For certain branches of research, and 
more especially for observing reactions under the microscope, the inverted 
microscope of Dr. L. Smith, of Merton College (or those of siniilar pattern), 
by which the object glass is jdacod below the substance to be examined, 
has this advantage, that it is jwssiblo without injury to the instrument, 
and without being annoyed by acid fumes, to treat substances under 
observation with strong acids, even at a Itoiliug tcmporatuic. 

The analytical student will retjuiro to familiarise himself with the use 
of the micrometer and the jiolariscopc. The most suital)lc micromotor for 
the measurement of starches and similar substances is what is called an 
eyepiece micrometer. A glass, ruled, either in squares, or as a'simplo scale, 
is placed between the eye and field ])iecc, so that both the object magnified 
and t be scale are seen clearly at one and the same time. In order to find 
the value of the divisi(.ns of the eye miei-ometer, it is necessary, in the first 
place, to determine them by noting how many divisions correspond with 
one or more of a slip of ruled glass placed on the stage, and containing 
divisions equalling the Imndrcslths of an inch, or any other convenient 
measurement. Snpj)osc, for example, that it is found that one-hundreth 
of an inch on the stage when measured by the eyepiece required 18 of the 
eyepiece divisions, then it is obvious that each one of the divisions is ^ of 
TOC iso'C inch; therefore, any object that measured, say four 

divisions, would be 4 x “ ts*oc> *”■ would measure the one four hnndi-od 
and fiftieth of an inch. There is another method of measurement which 
is extremely accurate and applicable to all cases; this is, to take ^ micro- 
photograjih of the subject, and to photogi'aph a glass with suitable mled 
divisions, with the same arrangements and with the siune powers; after¬ 
wards a moasureraeut with ordinary ootnpasscs can, with great ease and 
convenience, be made. 

Chomicid reactions, under the microscope, are either observed in shallow 
cells ground in the glass slide itself, or simply on the oixlinary flat slide, 
or, as is sometimes convenient, in almost capillary tubes with flattened 
sides, the microscope being in a lioriTOiital position. Koaetions, as a rule, 
should bo otaervod with only a moderate magnifying power. It is quite 
possible to execute, on a very small amount of materU, a complete qualita¬ 
tive analysis on the stage of the microscope, mixing with drops of the 
solution under observation droplets of the ordinary test solutions, such as 
sulphuretted hydrogen water, ammonium sulphide, ammonia, oxalic acid, 
Sodic phosphate, etc.^ Dr. Beale has recommended glycerine to be used 
instead of water for these reactions, and he states that although the re¬ 
actions are slower, yet that they are more perfect.® The method of 
subliming alkaloids, and its important bearing in the determination of the 
nature of substances in tea or coffee, is described in the article on ‘Tea,’ 
together with the microscopic appearance of the ash of various leaves, and 
’ the method of obtaining ‘skeleton ashes.’ 

In cutting sections of seeds, leaves, etc., no difficulty is experienced when 
they are in the entire state, nor are any special instruments required pve 
a sharp razor, for with a little practice sections quite as fine as those it;)!^ 
possible to out by a section-cutting machine can be made with a razor. 

‘ 8«e Beilriige a mikrodusmisclusn Analyte, by H. Behrens, 1902. 

• Sow to Wari with the Mieroeecjte. London, 1880. 
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*It is, however, quite diffefent wilSi su/^ matters as tea leaves which hav^ 
been dried and crumpled, or seeds in the state of powder. Here consider¬ 
able difficulty may be experienced, and it is often not jiossiltle to got a 
section at all satisfactory of any given dark microscopic {mrticlc, 'Ae 
authors have had tolerably fair results by sprinkling oikwiuc powders on a 
piece of smooth wood, and embedding the poitders in a tenacious glue.* 
When the cement has set, there is no liifficulty in getting sections. 
Similarly, the known processes for embedding soft substances answer well 
with tea. A simple method is also to gum tlu! leaf, or fragment of leaf, 
on to a solid substance, and tlicn horizontal sections can bo obtained. 
Sometimes scraping a leaf in the same manner as wlien si blot is being 
erased from paper, brings away very beautiful pieces of the cpidennis and 
stomata. Scci ions of leaves arc easily obtained by placing the leaf between 
two pieces »f cork, pressing them well together, anil then cutting the. finest 
possible layers with a sharp razor. In all these cases the razor should bo 
wet with some tluid, either water or (which is for the most |)art better) 
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glyoerine, a little diluted. The section floats on the water, and may be 
transferred to a dish of dilute glycerine. It is well to cut a great number 
of sections in this way, and select the most transparent from the dish for 
microscopic examination. The authors’ method of observing and preparing 
leaves is described in the article on ‘ Tea.’ 

§ B6. Micro-Spectroempe. — The micro-spectroscope has become a 
leading instrument in food-analysis, more especially since the introduction 
of so many artificial colouring materials. Fig. 7 shows the various parts 
of the ‘ ^rby-Browning ’ micro-spectroscope. An eyepiece fits into the 

• Sealing-wax does admirably a the partacles of jiowder are iilaeeil on a thin layer of 
Maling-wax, and the wax softens by heat; on cooling, the particles are held with 
ancient firmness to allow of sections. 
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OiioTOScoix} tube, having the uppa leiw mode chromatic; at the focaf 
^int of this lens is fixed a narf^v slit. A rectangular prism is fixed 
so as to extend over about one-half of the slit, and reflect the light 
cdhiing througli an aperture. In the stage attached to the side of the 
eyepiece, the other half of the slit transmits the light, passing up the 
main Isidy of the microscope through the ordinary objeofc glass. 

When all is properly arranged and illuminated, in looking through the 
lens a narrow line of light is seen, one-half the length of which has pissed 
through an object placed on the stage of the microscope, and the other 
half through any other placed on the side stngo attached to the eyepiece 
of the jirism; and if the prism has been properly adjusted, those two 
portions should appear perfectly continuous, without any break at their 
junction; but if not properly adjusted, the line apjKiiu's broken, and would 
then give false results if the spectra were conipired togrthcr. The 
analysing prism is compound, and lits over the eyepiece like a lung cap. 
It consists of two rectangular prisms of crown glass, and two others with 
angles of 75", a combiu.ation which gives direct vision. 

B is a milled head adjusting the focus of the eye lens (fig. 7); C is a 
milled head for adjusting the slit vertically; H for adjusting the breadth 
of the slit; D, 1) are springs for holding a small tulie; E is for the })urjiose 
of regulating the slit of the second sjieotrum; F is the position of the field 
lens of the eyepiece; G is a tube which fits on the microscope. The 
prisnis give that amount of dispersion which is admirably fitted for the 
purposes to which this instrument is applied, and is in itself sufficient to 
divide the absorption-bands seen in coloured solids and liijuids, while it is 
not so great as to spread tliem over too wide a space, and make them 
obscure, as is the case when the dispereiou is great. Since the light 
which passes thniugh the oiiening does not extend over the same surface 
as that which iiasses through the object glass, it would Im far too bright 
unless modified by means of a small shutter, opening and closing with a 
screw. In each case this can easily be adjusted so that the light from 
the two sources is equal, or may be made to vary for some special 
purpose; there is also a contrivance, so that when x’cry small objects 
are examined no light shall pass except that which has come through 
them. {Sorby.) 

Improvements have been made by Mr. Sorby and Mr. Browning, by 
which every line or band in the spcctriun, when being measured, is brought 
into the centre of the field of view ; the jaws of the slit open equally, so 
that, whatever their width may lie, the zero remains unchanged. The 
micrometer is self-registering, and the whole turns' of the micrometer 
screw, as well as fractional parts, can bo read off at the same time by 
inspection. The instrument may also bo used for opaipie as well as trans¬ 
parent objects, and two spectra can be comjiared at the same time with 
one lamp. Moreover, the spectrum of the smallest object, or a particular 
part of any object, may be obtained without difficulty. Mr. Sorby’s 
, ‘ method of measurement is of the most accurate description. He uses an 
apparatus giving an interference spectrum, divided by black liands, all of 
equal ojitical value. The apparatus is composed of two Hicol’s prisms, 
with an intervening plate of quartz, about '043 inch thick, cut parallel to 
the princiiial axis of the crystal, the thickness being so adjusted with the 
kedium lino that the sodium line is exactly at 3'5, counting the bands from 
the red end towards the blue. He makes uss of the following symbols to 
express the intensity of absorption:— 
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Not at all shaded, 

Very slightly shaded, , • » • . 

Decidedly shaded, 

More sliadod, 

Stn)i)gly shaded, but so Unit a 
trace of colour is secu, 
darker, 

Nearly black, 


Blank space. 

. Dois wide aiart. 

. . Dots closer. 

. . . Dots vciy close, 

• • - Thr«'o bypheiw close. 
0 — Single dasb. 

—— Double dash. 


Definite narrow absorption-bands are indicated by * printed over their 
centre. It is assumed tliat tliere is a gradual shading off from one tint 
to tlie other, unless the contrary is expressed, wliich is done hy nioiuis of 
a small vertical line, as in the following example:— 


Normal chhmiphyll in alcohol (deep green)> 

• ^-2ii - 4 •••■ 45 fif ■ -~n — 


l-lothing could he more luscnratc than Mr. Sorliy’s method of mensuro- 
uiout, and for the actual worker his system of notation will also is; found 
most convenient. For the purpose, liowcvor, of graphical illustration, 
‘Vogel’s’’ metliod is ])roferablc, and it has heon used in this work to 
delimxvto various eolonred spectra. Tlie system may bo at once under¬ 
stood hy reference to the diagram (tig. 10). The amount of alisorption is 
shown by curves. 'Wliero the curve is highest, tliero tlie band is lilaekest; 
wliore it is lowest or ahscut, the least absorption is present. Tlicre is no 
doubt tliat the most pennanontly useful way to express spectra, whether 
absorption or spark, would lie by wave lengtlis. Tlien, however the 
scales of different spoetroseopes miglit differ (and scarcely two will give the 
same values), still the results would lie the same for all sitoctroscoiios. 
The Ibllowing values of wave lengths are sulheient for ahsorjition 


spectra:— 


MILLIONTHS. 


A. 760-4 

4.. .576-7 

B. 686-7 

F. 486-1 

C. 656-2 

G. 4.80-7 

D. .589-2 

h. 410-1 

E. .526 9 

II. 396-8 

5,. 618-3 

K. 393-3 


By consiructing a diagram similar to the following one, only many 
times larger, having the values of iho scale marked at tlie top, and iutor- 
Bccted by the lines giving wave lengths, and then determining tlie exact 
position of Fraunhofer’s lines on the scale, and marking them by erossos on 
the chart as in the diagram, and lastly, joining the points in a uniform 
curve, it is possible to get very simply the wave lengths of every portion 
of the scale. The more uniform the curve, the greater the nuitiber of 
lines determined; and the larger the chart, the more aoeurate are the 
values. Supposing the centre of an absorption-land to l>o at 10 on the 
scale: on referring to the diagram the curve at 10 is exactly cut hy the 
horizontal line 660, therefore the wave length would be 660, and so on. 
It will bo necessary to measure in all oases the middle of the absorption- 
band, or the middle of the spark line. » . • v 1 . * 

A more modem fonn of micro-spectroscope is one fitted with a pnow 
graphic scale reading direct in wat a lengths; such a one is made by Hilge: 
tod is represented in fig. 9^ The scale U of course very small, but it ow 

» Henaum Vogel. "'PraHuclie Sfietral Analpt.” Noidliagea, 1877. 
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be reftd "tSth a possible error of not ftore /ban 20 Angstrom units—which' 
*!b of sufficient accuracy to determini xhe pJaco of absorption-bands. 

§ 66. The spectroscope, as applied to coloured flames, or to spark 
spSctra, is not much used by food analysts. It will, however, probably be 
more used when the ash oonstilueuts of food have been thoroughly and 
scientifically worked out. A very careful search after the rarer metals and 
elements in the ash constituents of plants would, in all probability, bo 
rewarded with the discovery of—if not new elements—yet of the wide 
dispersion of the elements that are presumed not to be widely disseminated. 
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The spectroscope in general laboratory use has only been applied to the 
diagnosis of jx>t.ash, lithium, copper, barium, strontium, and a few other 
flame spectra easily obtained without the aid of electricity; but the 
interesting and convenient method of examination introduced by Lecocq 
de Boisboudran has made spark spectra so very easy to be obtained by 
anyone who has a battery, and a Ituhmkoflf coil capable of giving a good 
spark, that there is no reason why an examination of the spark spectra 
of a body should not become the daily matter-of-course process in all 
laboratories, and not be restricted to pure scientific inquiry. Boisboudran’s 
method is simply to pass the s;>ark through a solution of the substance 
to be examined, and for this purpose the fbllowiug apparatus can be 
constructed out of the ordinary apparatus of the Jaborstory (fig. 10). 




§ 56/^ 1®® BPEqposcoPE, 5? 

A Woiilfe’s Iwttle is fitted with t{'tj good induirruhlior corks. In the 
one a stout glass rod is placed, Ufent al right angles, serving as a support 
for a glass tube, through which the wire of tlic negative polo projects; yie 
other neck carries a little test-tnbe with the wia*, whioli comes up 
through the cork, and the test-tube supports a still sniuller one, capable oi 
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holding a very small quantity of the liquid to be examined; tlm wire is 
fused mto the bottom of this tnl)e, and terminates a little below the mouth. 
Over the wire there is a minute tube, somewhat fuuiicl-sliiy) 0 (l at the end, 
which prevents the simrk flying to the side of tlie test-tnbe ; in tbc larger 
tube there is a little mercury to ensure contact. One cH'ect gf this arrange- 
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ment is that the lower pole has always a thin film of the liquid over its 
surface, and on passing the current the spark volatilises the substances in 
solution, and their characteristic spectra are easily observed. The extremely 
hot flame of the Mecke burner may be conveniently used for spectro^pio 
use. Metallic oxides, if suifjilied with chloroform-vapour, give in the flam 
ohewacteristic spectra. \Hartley,) 
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Quantitative Kstimati^^ of ^Colouring Matters. 

56a. (1) The Polarising Odorimeter .—Tlie sim])Ic8t method is to 
imitate the solution of colouring matter, the strength of which is unknown, 
by diluting a stronger solution of known strength and placing the two 
solutions in two glass cylinders of equal boro; accurately iniflch the colours 
by pouring some of the solution of the stronger shade out until the colours 
are equal, then the colouring matter is projiortional to the deptli or height 
of the liquids. The results with ])ractice are in many cases fairly correct. 
A beautiful and more accurate nietlio<l of colorimetry is made by the aid 
of a special appinitus - vis., tlie ‘jiolarisation colorimeter’; this, in its 
most improved form, consists of two graduated cyliudei-s, A and B, having 
at the bottom a white reflreting surface, C, 
which tlirows tlu! liglit equally throilgli the two 
cylinders (tig. 11). Above the cylinder. A, is a 
prism, I), of Iceland spar, the so-called ‘(Jlans 
air prism.’ Tlie prism is (iut in the direction 
c (?, and Ixith halves again joined together. 
The surfaces, a <1,c h, and h d, are polished; 
m and n are diajdiragms, admitting the rays of 
light thrown up from C. The ordhmry ray 
jiiissing from A is reflected at the surhice, e d, 
while the extraordinary r.iy, a, passes on to the 
Nieol. The rays of light passing through 15 
into the Iceland spar half prism, K, divide 
into extraordinary and oiiliiuiry rays; the ex¬ 
traordinary rays pass through the pri^m, the 
ordinaiy are reflected from the polished surface, 
e/, are again reflected by the surface, c d, and 
pass on to the Nicol, forming the bundle, 
The Niool prism thus receives ordinary rays from 
B and extraordinary rays from A. The Nicol 
prism can be rotated on its axis, and the amount 
of rotation measured by a divided circle. 

There will be two points, in one of which 

Fio. ] 1 The I’alarisiug t*'® extraordiuaiy rays will vanish, and in the 

Colinimeti'r. Other, 90° from the fonnor, the ordinary ray 

will vanish. Let these points be 0° and 90°. 
Tf both rays come with equal clearness from D, then at 46°—that is, exactly 
between 0° and 90°—the two fields will bo equally clear. 

The clearness of the ray, a —tliat is, the extraordinary ray—is at 
0* *0, at 90° = 1 ; the other ray, the ordinary, p, is exactly the reverse— 
that is, at zero it is equal to 1, at 90° it is equal to 0°. The angle, 
measured by the rotation of the Nicol with regard to the ray, a, is pro¬ 
portional to the square of the sine, that of the ray, is proportional to 
the square of the cosine. 

If both rays are e<|ual in intensity, then for any angle, it; a : /8 = 
eSn® <t : cos® ^ = tan® 0 : 1. The simplest method of using the polarisa- 
iAon colorimeter is always to fill the cylinders, so that tlie liquid of known 
oonCentration stands at the same height as the liquid of unknown concen¬ 
tration. The Nicol is turned until both fields are of precisely equal 
brightness, and tho angle, 0, being read, the Cj'linders are now reversed— 
i^t is, the cylinder A is put in the place of B, and the cylinder B in place of 
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A, and the angle, again road*, tW vthe calonlalion is very easy, donoti^ 
the concentration of the one liejuid as c, the other as c , and tho angle as 

r tan <f> 
tail <p 

An improvement, oven ou tliis iueth(.)d, its tlio introduction of & Quartz 
plate between the Niool and D; the quarty. plate has a tliickness of 375 
mni., and consists of one-lialf of right-lianded, tho other (tf left-lianded 
quartz. The result of tliis is that the eyo sees four (ields, the ray /3 
dividing into two and tho ray a dividing into two. 



1 


1 

1 


Tho Niool l)oing at 0°, or at 90°, tho fields. /3’ and arc of an cijual 
colour as well ns those of n' and a*, at a point hotw’oon tho two angles; a 
and & are of an equal yellow colour, while ji' and a- are of a blue colour. 

If in the cylinders, A and 11, arc placed solutions of a colouring 
material of diftirent concentration, tho one known, tho other not, both 
fields lying to the right have a different degree of clearness to tho holds 
lying to the loft; and since two solutions of a sulistaime of dill'crcnt con¬ 
centration show a different spectrum, in this case the field o is dillercntly 
coloured to the field and jS' differently coloured to a-. 

By diminishing the height of the stronger liipiid, by letting a utUe 
flow out of tho tap, after a few trials not only the adjacent fields have the 
same brightness, but also the same colour. , a -j 

If tho Nicol was placed at 45°, and tho height of oa* or tho otlier niiia 
lie decreased by moans of opening tho tap, then the concentration of the 
unknown liquid is given by the equation :— 


e = unknown concentration. 
e — known concentration. 

/(' = height of c'. 
h = height of c. 

Kriiss* gives examples of the accuracy of tho detorminations of various, 
iubstanccs by this method, as follows:—_ 



Aitiouiilfouml 

ARtnal Content*!. ''V the 

- (Colorimetric Mvthtt'l. 

Cupiier sulphate solution— 

(1 0 . 0 . = 0‘025 gnn.), 

Nickel Bulphato— 

(1 C.C. = 0 026 gnu.), 
Potassiuin mouMhromate— 

(1 c.o. = 0’376 grm.), 
Ammonia solution, to which 
Nessler’s solution has been 
added. 

!—--—■ ■ — 4 - 

0 05000 grni. 0 05009 grm. 

n'05000 „ 0-0.5013 „ 

0-07600 „ 0-07535 „ 

0 00005-2 ragi-m. 0-0000.50 mgi-m. 


. * Koloriwetrie a. QmntUcUive SpeHralanalyte, by Dr. G. Kriisa aud Dr H. Kr«M.S. 
■ Hamburg aud Ldpzig, 1^90. 
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llie small error appears generaij tqf be in excess, and, no doubt, a 
correction factor could be got out* for any solution. 

An improved form of colorimeter has also been invented by Hugo 
K?li8B,i called “colorimeter with the Lumner-Brodlmns prism.” The 
essential part of the instrument is the Lumner-Brodhiins prism (see A, fig. 
12); the one part of the prism is an ordinary reflecting .prism, but the 
other part has a jwlislied plane surface, y r; but from eio g and from r 
to 8 the section is tliat of a portion of a circle. 

The other jnisms have the shai)e shown in fig. 12, and the path of the 
rays of light is indicated by the dotted linos. The ofiect of the arrange¬ 
ment is that the eye, looking through the lens on to the surface ergs, sees 

lui elliptic spot, which, if the light 
coming from the two cylinders is 
uneciual, is surrounded by. a field of 
a different tone with a sharply defined 
line; but if the light is ('(|ual in in¬ 
tensity, then the line of demarcation 
vanishes, and the spot is of the same 
shade and hue ns that of the sur¬ 
rounding field. Tliis colorimeter is 
stated to bo of groat delicacy and 
accuracy. 

Colorimetry is applicable to the 
estimation of ammonia, nitrites, 
nitrates, copper, permanganate, and 
solutions generally, either coloured in 
themselves or striking colours with 
reagents. 

§ 561/. (2) QuantiicUive Specln/ 
smpy. — Quantitative estimations by 
the spectroscope may be made by an 
appliance, the invention of Karl 
Vierordt,^' known as the ‘ double slit’; 
instead of a single slit, the slit is 
divided into two halves, as shown in 
fig. 13; each half of the slit can be 
opened at a different degree, and the 
width to which they are respectively opened, accurately estimated by 
means of the divisions on the milled heads of the respective micrometer 
screws, t and i. Both of these slits correspond to two spectra, as seen 
through the oliservation tube. If the light is properly placed and both 
slits equal in breadth, the illumination of both spectra will bo equal; on 
the other hand, if one slit is open of a greater width than the other 
more light will pass through. If in front of one half of the slit is 
placed a liquid which absorbs the light more or less, in order to make the 
illumination, say, of the brightest part of the spectrum equal to the other 
; spectrum illuminated directly by the source of light, the two slits will have 
: to be of a different width, the one having to be narrowed or the other 
widened, and by reading from the milled heads the width of the slit, a basis 

t Kolorimeter mit Lamner Brodbunsohen Piismen-paani v. Hugo Kriisa. Zeit. /. 
Vitorgan. Olumte, v. 

* DU Aamndwng dea Speetral apparates zur Pholmutrie der AbtorpUma-apeOrm a. 
«tr guantUativm chemiarhfn Amlyac, Tubingen, 1878. 
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for calculation of the oonoenlraljon \'t the aolution is ohtaiued by deter 
mining what is called the ‘ extinetion eSeffleient.’ 

The following is the method of obtaining the oxtinctiuii coeifici^t 
of a solution;—A small glass trough, with parallel sides, is takin. 
the walls of the trough being exactly 11 mm. from each other 
the lower half of this glass trough • 

is occupied by a Sehuls’s glass 
liody, a solid bit of glass, which 
occupies 10 ram.; hcuce, it is 
obvious that when the trough is 
cbaiged with a liquid, the light 
will pass through 1 mm. in the 
lower half and 11 mm. in the 
upper hai6 of the trough. In 
other words, light passing through 
the upper part will bo weakened in 
the proportion to the lower as 10 is 
to 1 ; it will pass through 1 mm. 
of the lower half and 11 mm. of 
the upper half. This trough is so 
adjust^ before the divided slit of 
the spectroscope tliat the light 
passing through the one half slit is 
wholly derived from the upper half 

of the trough, and tliat passing through the other half slit is wholly derived 
from the lower half. 

before the trough is placed in position both slits are ojiencd an equal 
width, and the light adjusted until an exactly equal illumination is obtained. 
On now adjusting the trough the illumination will, of course, be unequal. 

A complete revolution of the micrometer screw is equal t»i 100 divisions, 
and supposing that to make the light equal, the one micrometer screw has 
to lie turned down to .30, then, as the iutensitj’ of the light falling through 
the 1 ram. is to be considered as equal to 1, the uuabsorbod light is in the 
proportion of 30 to 100, or as O'S to 1. The light jiassing through the 1 
mm. being equal to 1, and the light passing through the solution to 0'3, 
then the extinction coefficient is equal to the reciprocal or arithmetical 
complement of the logarithm of O'", or e = - log 0'3. 

If a table of logarithms he consulted, the logarilhm of 0'3 will be found 
to be T'47712; if the last figure in the decimal portion bo subtracted from 
10, and the remainder from 9, and the index or characteristic bo diminished 
by 1, this gives the arithmetical comidement—that is, 0'.')2288, which is 
the extinction coefficient. 

The extinction coefficient being kno« o, the absorjition proportion must 
be obtained, and this is known if the concentration is known, for 

If c = the concentration expressed as grammes per cubic centimetre. 
e = the coefficient extinction. 

A = the absorption proportion. 

Then, • A= 

e‘ 


If the absorption proportion is known, the concentration unknown, all 
that the experimenter has to ilo is, for one or more definite regions of the 
spectrum, to work out the extinction coefficient, multiply this by the 
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^.absorption proportion for that parftonlaj region of the sjwctriun, and the 
result equals the grrns. per c.c.—that is, • 

' y. c = « A. 

In other words, once the absorption proportion for various regions of the 
speetrum is known, it is eiyiy to asooitain the percentage composition The 
more regions of the spi'ctnim investigated, of course, the inore accurate is 
likely to be the determination. 

As an example, let us take the absorption sixjctrum of i^rmauganate. 
For wave lengths, C80'7 to 050, Kriiss fomid that a solution eonUiining 
O’OOl grm. per o.c. gave a coeliicient extinction of 0'47238; and for a 
concentration of 0'00025 ])er c.c. a coefficient extinction of OdlSbl. 

Therefore dividing c by « in each case, for the one we get as the 
alsjorptiou proportion 0'002116, for the other 0'002202, the mean of 
which is 0'0()2159. 

In the region embraced between the wave lengths 59G‘4 and 582'8, for 
solutions containing respectively 0 00020 gnu. and 0 000125 grm. per c.c., 
Kriiss found the coefficient extinction to ts) 0'405C1 and 0'1C242; the 
mean of the raults of 

e dividefl by « is 0'006845; 

and so on for various portions of the spectrum, b'or examjJo, if it were 
desired to ascertain the strength of a solution of potassic permanganate, 
the unknown solution would be diluted until, fnmi its colour, it was judged 
to bo somewhere near the strength of the solution whose airsorptiou 
proportion was known and several extinction coefficients obtained. Thus, 
in the present instance, supposing for the wave lengths 680 7 to 650'1 an 
extinction coefficient of 0’47238, and for the wave lengths 613'2 to 596'4 a 
Bccliiciont extinction of T08093 was obtiiiuod, the absorption prbportion 
tor the rcsipective wave lengths being known to bo 0’00215 and 0 0009180, 
we should have— 

[exA=c.] 

(1) 0-47238 X 0 002159 = -00102 

(2) 1-08093 x 0 0009180= -00124 

giving a mean value of 0-0011, the real value in this case being in a o.c. 
001; a nearer approximation could be made to the true value by more de¬ 
terminations. 

For every coloured sulrstance there are special regions of thft spectrum 
most suitable for quantitative estimation, and it is necessary in ascertain¬ 
ing the ‘absorption proportion’ to measure carefully the proportions of 
the spectrum observed; for example, Kriiss finds that the most suitable 
regions for the quantitative estimation of potassic permanganate solution 
are as shown in the following table, which also gives the absorption for 
those regions;— 


WaTfl Lengths. 

Ab«orpttoH 

Proportion. 

\ 494 7 to X 480-5 

X 486-6 „ X 480-9 

X 480-9 ,. X 474-8 

0 0001909’ 

0-000‘8251 

0-11008277 


If oxygen is to be determined by ]iennsnganii&, then the sbsoriition, in terms o( 
: 9 xygeii, is for the wave lengths given—0 00004883, O'OOOOSOOO, and 0'00008290. 




5 SB?.J raw BPBC^OBCOPR, 

Three solutions of permangjnafe gave tlie following strengths, as^ 
estimated by the spectral method, * using alone the three regions 
mentioned: 0-00189 grm., 0'00218 gnu., and 0-002-dS grm. per c.^ 
while titration with sodic thioanljili.-ite gave 000191, 0‘00217, aud 
0-00229, thus proving the groat aconracy aud convenience of the 
method. • • 

As before mentioned, any spcetroscope with an accurate scale 
may tie used; it is far better to have the double slit adapted 
to the ‘'Wave-length Spectroscope,’ one of the latest forms of 
which (1907 model), as manufactured by Mr. llilgcr, is shown in 
fig. H. 

The telescope and collimator are of 11^ inches focal length and 1^ 
inclies apertin-e. The prism is of a Hpceiul form, and may be bout con-' 
sidered as Iwiii. up of two 30" prisms anil one right-angled prism from .the 
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hypotenuse of which the light is internally reflected, as in fig. 14a. The 
prism is, however, actually made in one piece. The table on which the 
prism str-ids is rotated by means of a fine steel screw, the point of 
which pushes against a projecting arm on the prism table To the 
ferew is fixed a helical drum (see fig. 14i) on which the wave-lengths 
of the line under observation are read off direct as indicated by the 
index which runs in a helical slot. The point of the micrometer screw 
is of hardened steel, which is finally fixed before the taming of the 
screw thread is done, to anpid risk of periodic errors; the cutting of 
the screw thread being done on this point as one of the centres. This 



FOODS : THBpi COMPOpTION ANO ANALYSIB. L§ 

hardened* steel point presses again^ a steel plug in the above-mentioned 
projecting arm of the prism tabled and ibis steel plug is flint-hard, and is 


The telescope and collimator are both very rigidly fixed to the east- 
iron base, and the whole is screwed to a strong east-iron tripod. 


V 
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The eye-piece is of great assistance in majiping out spectra (fig. Hr) by 
the aid of two shutters, whiuh can be shifted in from cither side at will in 
the focal plane to cover any desired part of the field. Any bright lines 
which by their proximity to feebler lines obscure the latter, can be hidden 
from view. The metal pointer, the point of which is ground fine and 
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polished bright, is illuminated from above by means of a mirror. This 
bright pointer is adjustable laterally by the two milled screws below, ^ 
that one can always return to the standard reading by setting the bright 
pointer on a reference line. 

To this spectroscope a camera can be adjusted (see fig. 14d); the 
utmera has a 21-inch focus lens, and whfn properly tilt^ the whole 
ipeotrum is in focus. 
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Much work been .A'ne ot late’>'<w8 in the ultra-violet, bv the aid 
of photography. Spactra geneifijly incftod are far easier studied in this 
way than by ordinary vision. Mr Hil<;or makes an ultra-violet epeetr^ 



Flo. He. 


graph by means of which photographs can be taken of the spectrum from 
wave-len^h 6000 to 3000. 

The instrument is supplied with two prisms and lenses of the most 
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transparent ultra-violet glass, the lenses are of 8 inches (203 mm.) 
fiKus, and the spectrum is about 40 mm. long. The ordinary quarter- 
■ plate (4^ x3^ inches) in commerce can be used, several successive 
photos being taken on tbei tame plate. Formerly the whole of the 
. qtectrum could only be taken on a suitably curved surface, but is 
m'X' ■ , 
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this instrament perfect focus in obtained on a flat surface. The naTe- 
lengths may be determined by 'photogi'aphing the known lines of an 
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alloy of cadmium, lead, tin and zinc. The general appearance of this 
instrument is shown in fig. He, and a spectrum, actual size, of 
difierent dilutions of blood in fig. 14/ ' 
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J OOOJ THE SPECflinsOOPE * 

deBned as a spectroscope combip'bd with a polarising apparatus. This 
mstrnment is also made by Hilger with a wave-length measuring 

The instrument consists of the following essentials:_ 

It is desired^ to compare the intensities of two beams of light, one ol 
which has undergone al)8orption (by passage through a known thickness of 
a liquid under observation, for instance). In the path of the beam which 
has not undergone abaorjition is interposed a Nicol prism, which twlarises 
the light perpendicularly. The two beams of light are then thrown on the 
"lit of the siieotrosoopic portion of the apparatus, being brought into close 
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jiixtaporition with a sharp dividing line by a prism of special design. The 
light after passing through the slit undergoes collimation, and is spread 
into a spectrum by a prism, and alter jiassing through a second Nicol 
prisni, IS brought to a focus, and observed hy an eye-piece. Two spectra 
are then seen one above the other with a very sharp dividing line between : 
the one heuig an absorption spectrum of the liquid substance under 
observafaon, the other spectrum being reducible by rotation of the second 
Nicol pmm to any desired intensity. The intensity of this latter spectrum 
can be simply.deduced from the rotation of the second Niool, and thus, by 
exact matching of any desired part of the two spectra, an exceedingly 
accurate measurement of the amount of absorption of the observed 
material can be obtained. One can pass through the spectrum by a screw 
motion, with a large drumhead on which the part of the spectrum under 
olaei vatiou is marked in wave-lengths. Owing to the special form of 
pnsm used the telescope ia rigidly fixed. 

The rotation of the second Nicol is read oiT by a vernier. The eye- 
piece has two shuttws pushing in from right to left, by means of which 
any part of the spectrum can ^ isolated. 

• Whoever uses the donbW slit for the first time will experience some 
^tififiScnlty in educating his eye to apprcciatit small differences in the- 
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upper and lower half of the strip dj colour. The main errors of 
.^beervation are due to placing the eye in such a position that more 
m the one slit is seen than the other. It is essential to success for 
the two portions observed to be nearly equal. 'J'ho double slit can 
also be used as a colorimeter; that is to say, by the use of a re¬ 
flecting prism and two fairly ecjual lights, the illumination by a 
little management is made equal, and then the light from the one 
solution, whose value is known, is caused to jrass through the one 
slit, and the other rays from the second source of illumination are 
made to pass througli the solution of unknown concentration through ' 
the other slit. Then by widening or narrowing the one slit the light 
is equalised. 

In a similar way tlie colour of two samples of water can be^appreciated; 
or a sample of water can bo compared with distilled water. For this 
purpose a stratum of from 10 to 20 c.c. is necessary. 

In making comparative colorimetric observations by the aid of the 
double slit, the solutions by suitable dilution should be made approxi¬ 
mately equal, for equality produced by a moderate narrowing or widening 
the slit gives the best results. 

§ 67. Plwtog-mphy .—The introduction of dry plates and the general 
simplification of photography will, in a very little time, make its 
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practice general in all the larger laboratories for purposes of registra¬ 
tion. In important analyses, likely to entail evidence in the higher 
courts of justice, it might be useful (and will always be possible) to 
photograph certain analytical results. 

In the quantitative determination of mixtures of starches, a 
micro-photograph of the mixed starch and the ‘imitation’ mixtures 
renders the counting of the number of starches in the field a very 
easy operation. Similarly, if a measurement of any object be re¬ 
quired, a micro-photograph having been taken, and next a photo¬ 
graph of the stage micrometer with the same powers, the object may 
be measured more easily than in the ordinary way. It is also 
most useful for the analyst to have by him, in this way, a series 
of ‘picture records’ for reference. Stein’s photographic micro¬ 
scope,* when the object is not to make‘pretty pictures, nor to use 

■ • Ihu LicM im DionsU viancmtka/tli'her Forsehung, by Dr. Tli. Stein. Lfiipzio, 1677. 
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high powers, is eioellent. It meA-Jy consists (see fig. 15) ol a conical tubi 
turned out of boxwood, and fasteticd on to tlio uiicroscopo tube by mean 
of a screw, ft. Combined with this fuimol tube is a wwdon tray, in whi^ 
the frame, e, d, /,;/, easily slides backwards and forwards. Thin panes t 
glass are let in the cassette into this frame. Whilst the imago is boin 
adjusted, the t^tin glass, e, d, stands over llie tube, and the prepared plat 
is put under the little cover at f/, /. If the pieture is well defined, th 
frame, c, tf, g, f, is pushed into the tray, so that the part, g, /, can stan 
over the microscope tube, and by a simple arrangement the pliotographi 
• plate can be exposed. Direct sunshine will, in some cases, be necessarj 
and the rays should be transmitted through a cell containing the ammoni 
sulphate of copper. 

Quite as g hkI results may, however, be obtained without spech 
apparatus. * 

Place the microscope without the eyepiece in a dark room. Suppoi 
the ground glass in a frame by means of a clamp in such a position thi 
it is exactly in focus, lift it off witiioiit shaking the instrument, an 
substitute a sensitive plate. 

An ordinary electric lamp is enclosed in a box of such size that it ca 
bo placed underneath the stage of the microscope, the light from the lam 
passing throngli a circular bole. Should lui electric light not bo availabl 
then a wooden box with a loosely-fitting lid should be mounted on stoi 
legs. Tile edges of tlie lid sliould be lined with velveteen. Undemeaf 
the box a hole is cut, which is adapted to the wide end of the bellows < 
a quarter-plate camera. 

The narrow end of the box is adopted to the top of the microsooj 
tjAe; a couple of projections in the interior of the box arc placed to su] 
rfrt the sensitive plate or ground glass. The source of light may be an 
efainary lamp. • 

Provided the microscope has a short barrel, and that all the interior 
well blackened, excellent photographs can be taken in this way. 

To photograph with high powers it is, however, best to purchase tl 
more elaborate apparatus sold by opticians. 

§ 58. Colour .—It will often be necessary to ascertain the eia( 
colouring matter used to make articles of food attractive, more especial] 
confectionery, jellies, pickles, etc. The question will generally resob 
itself into deciding as to whether the colour is harmless or poisonous, am 
if the latter, whether the poison is in sufficient quantity to injure the coi 
Burner’s health. The poisonous colouring matters are those containin 
lead, copper, arsenic, chromium, and zinc, all of mineral origin; togetht 
with a few injurious orgamc colouring substances, such as gamboge an 
picric acid. The non-poisonous colouring matters are some of the anilit 
colours, so long as they are pure, and eontaiii no arsenic —saffron, turmeii 
annatto, chlorophyll, and generally (with some exceptions) all organ: 
colours ob.»ined from the vegetable and animal kingdoms. 

The first thing for the analyst to ascertain is whether the colourin 
material is insoluble or soluble in water, for, as a rule, with the exceptio 
of gamboge, the harmless colours are soluble, while the mineral are ii 
soluble in water. The organic colours are also bleached by a solution c 
hypochlorite of soda. The aniline colours are soluble in alcohol. 

The search for poisonous matters more properly belongs to, and is treats 
of in, the work on ‘ Poisons^ty one of the authors. With the exception c 
salts of lead and eopper in small quantities, they are rarely met with i; 
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food, and even in the matter of oonfectioaery, of late years, there has been 
A great improvement. As a rule, sweetmeats bi Englmid arc not coloured 
mth injurious matters.* 

The analyst having settled that the colouring matter is one of organic 
origin, by its being bleached by sodio-liypoclilorite, and by its solubility in 
water or alcohol, will next proceed to study its spcctroscftpic characters, 
either by using a pocket spectroscope or the micro-spectroscope already 
described. 

Mr. Sorby makes use for his instrument of little cells, cut from 
barometer tubing. They arc lialf an-inch long, and with an e,vtemal 
diameter of somewhat under half-an-inch; they arc ground flat at each 
end, and cemented with Canada bplsam near one edge of a glass plate, so 
that they may be examined sidowfiys or endways. In examining an un¬ 
known colouring matter, he adopts the following divisions;— ' 

1. Soluble in water, and not ])rccipiUted by alcohol. 

2. Soluble in water, but precipitated by alcohol. 

3. Insoluble in water, but soluble in alcohol. 

4. Insoluble in water and alcohol. 

lie next subdivides his main divisions according to the action of 
bisulphite of soda. 

The organic colouring matters most likely to be found nmy bo treated 
of in the order of the spectrum, beginning with the red. 

§ 59. Rros. —The common reds are—cochineal, aniline reds, alkauot, 
and the madder colours alizarine and purpurine. 

OocJdneal .—Cochineal is a red complex colouring matter, secreted by 
certain siMJcics of a peculiar family of insects feeding on the Vaclus cvcci- 
nellifnra, C. C. tuna, C. perctlia. The chief colouring matter of 

cochineal is ‘camiinie and,’ the formula of which appears to be Cj.HjgOjj. 
By the action of dilute acids carminic acid splits up into sugar, and a' 
beautiful colour known as r.armine-red thus— 

Canniiilc add.' Water. Oaiiiiliie-Kid. Oluccwe. 

Cl, III, Old + 2H,0 = CiiHi/),+ C,II„,0,. 

Cochineal imparts its colouring matters both to alcohol and water, aud is 
precipitated by aceteto of Ic^, carmiuate of lead being one of the con¬ 
stituent parts of the precipitate. The solutions of ctwhineal are purplish- 
red to crimson, turning a more or less rich violet-purple with alkalies, and 
becoming of a yellow colour on the addition of acids. The colour is well- 
known to chemists, as it is much used as tui indicator for acids, being 
especially useful iu titrating an alkaline liquid containing carlionates, since 
Carminic acid is not affected by carbon dioxide like so many other colouring 
matters. 

Cochineal in neutral solutions gives absorption bands, but not very 

* This is the more iiecesssiy to state cloarly, since, on the Oniitinent, veiy erroneous 
ideas prevail. Time, iu tho “ Didiomiairc des AUcroLitms td Fahijiradifin^,’’ pax M. A. 
Chevallirr et M. Fr. Baudriinont, Paris, 1878, the adultoiations of I'udfa oentaiy ago are 
nvmeratcd; and too reader is informed that the English ooufectiuners not only falsify 
todr sweotmoats with plaster, lime, starch, baiyta, but frequently employ bronze powder, 
too leaf foil of copper, tin, and carbonate and arsenite of ct»pper, vereligris, chromate of 
lead, red Imd, and vermilion; and, further, that neai'ly all the ginger mzenges contmn 
load. Similarly, in Dr. Hermann ffiencke*8 ” Lexieondat' in the article, 

“Conditorwaaren,” it is stated that almost all tho English confectioneiy ooutt^s lead 
lalts, often to tho extent of ono and a half jwr cent;!! All this-is nonsense.. Such 
sdulteratitins hare been found, it is tme: hut instead of lieinir common, thev am mm and 
ooeptional. 
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definite when examined by the •speotioaoope; if, howcier, it be madi 
ammoniacal, then there are’bands which differ in ixisition only slightlj 
from the absorption bauds of blood. , 

No, 18 (fig. 16) is a graphical illustration of the spectrum of cochiuea 
in water; No. 19, in alcohol; and No. 20, on the addition of nitric acic 
(a) or NHj (h). * If alum is added to cochineal it loses its power of tunnn^ 
yellow with acids, and the purpurine band becomes so broad that the tw( 
biuids almost run into each other. On addition of acetic acid they an 
separated, and appear as tolerably sharply defined bands between D and E 
.lud there is another at D. 

On dissolving cochineal with alum solution, a lake is obtained; ot 
dissolving this in tartaric acid or dilute nitric acid, the solution gives ( 
l)and at h and E, and another close on 1). The nitric acid solution gives t 
spectrum vePy similar to blood. 

An aqueous solution of cochineal may bo distinguished from the rec 
solutions of brasil-wood, sapan-wood, peach-wood, and a few others, by thi 
fact that the calcium salt of their colouring matters is violet, and readib 
soluble in water, while the calcium salt of cochineal-red is dark-purple o: 
almost black, and insoluble in water. 

The following are the absorjrtion factors for carminic acid, as obtaiue( 
by using a solution containing O’OOOl grm. per c.c. with a drop of N IIj > 


At Temp. 2»'0\ 

Abfiorptlou 

Factor. 

X 627-5 to X 609-5 

X 583-6 „ X 576-6 

X 552-6 „ X 540-6 

X 522-7 „ X 61.3-2 

X 601 -6 „ X 493-6 

X 482-8 „ X 476-0 

0-00113 

0-00016 

0-00010 

0-00008 

0-0f>01 

0-00')U 


Aniline Rede .—The aniline reds are numerous; the chief are tiiohsine 
safraniiie, and coralline. These three may be roughly distinguished fron 
each other by adding a dilute mineral acid: fuchsine becomes yellow 
safrauine violet-blue, and coralline gives a yellow precipitate. 

Fudmae, or RomnUine, also called magenta, aniline red, and othe 
names. It is a mixture of hydrochloride or acetate of pararrosanilin< 
(triamido-triphenyl-carbinol) and rosaniline (triamido - diphenyl - tolyl 
oarbinol). It is distinguished from coralline, which gives a verysimilai 
spectrum (see No. 28) by the yellow colour with acids already mentioned. 


among others by Vierordt ^ and by Hartley.® 

In wi5aV solutions (0'024 per c.c.) it pbows an absorption band 

in the visible.spectrum when viewed through a stratum 4 mm. thick, 
extending from A646’7 to A535’0; in stronger solution, 0T3 mgrm. per o.o., 
and viewed in a layer 4 mm. in thickness, the band in the visible spectrum 


^ Uuber den EiufixisB der Temp, gofdrbter Loeuiigeii u. die Abe^tiption Spectren dcr- 
eelben zur quantitativon Bjiektralanalyse, by G. Kriies u. H. KriUs. ZaL f. anorgan, 
Ckmit, 1 . 

“ Op. eil, , • 

. ’ "The meleoular structuiA of carbon oomiKiaiidfl and their abeorption eiiectra.’ 

/Mm, GAon. See., It, 1887. , 
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occupies the region from X462 tojA580 there are also two other bands in 
, the ultra-violet—vis., one from A.300 to X28% and another from X247 to 
^1231, both, of course, invisible save with a Soret’s ocular or other similar 
lurangeniont. A solution of rosanilino hydroclilorido in alcohol (0'165 
mgrm. per c.c.) in a layer of 5 mm. gives an absorption in the visible 
speotruin from X591 to X4.'i6, and in the ultra-violet from X310 to \274. 



The absorption factor for the sjHJctrum, from a to 11, has been worked 
out by Vicronlt, and, reducing bis notation to wave lengths, tlie following 
are the results from 15 to F: — 

Nu.' 1. A diagrauimatio repivsentatinn uf the bauds uf Ifo. 2. 

,, 2. Absolution si>6etra of clear blue cobalt glass. 

,, 3. Aboorptioii a|icctra of dark blue cobalt glass. 

,, 4. Diagrammatic reinvsciitatiau of No. 3. 

„ 5. Alcoholic sointiou of alizarine. 

,, 0, Alcoholic sointiou of ulizariiic mode alkaliuc with ammonia. 

„ 7. Aqueim.s ammoniocal sointiou of alizarine. 

,, 8. Alcoholic solution of alizarine made alkaline by laitash. 

„ 9. Sulphozauthraquinono in alcoholic sointiou alkalised by potash. 

,, 10. Aqueous solution of suliilioxanthraqaiuoue made alkaline by potash. 

„ 11. Alcoholic solution of purpmiue. 

„ 12. The same alkalised by ammonia. 

„ 13. The same alkalised Iw potash. 

,, 14. A neutral solution of alizarinomid. 

,, 15. An ammomaca! solution of aiizarinamid. * 

„ 16. A uoutral solution of jmrpuriuamid. 
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No. 17. The same alkalised by baryt* « 

,, 18. An aqueous eolution of cochftiesl. 

,, 18. A dilute alcoholic solution of cochineal. 

20. Cochineal in concentrated watery solution with (o) nitric acid, {b) ammonia,' 
,, 21. legwood, (a) concentrated wateiy solution, (10 dilute. 

,, 22. The same with the additiou of nitric acid. 

. . . Tlie same alkalised by ammonia. 

,, 23. A decoction of brazil-wood. 

,, 24, The same alkalised by ammonia. 

,, 25. Litmus, (aj concentrated, (5) dilute. 

,, 20. The same made acid, (a) concentrated, (5) dilute. 

,, 27. Dilute solution of fuchsine. 

,, 28. Alcoholic solution of coralliue. 

„ 29. Alcoholic solution of eosiu, (a) concentrated, (5) dilute. 

,, 30. Safranine, (o) concentrated, (6) dilute, 

„ 31. Naiihthaliue red, (a) ooucentmtod, (5) dilute. 

,, 32. Ciflcuma, (o) couceutmlcd, (5) dilute, (c) strously diluted. 

„ 33. Pluoresceiiic, (a) somewhat conci'ntrat^, (5) dilute, 

„ 34. htistic extract. 

,, 35. Pn'sh clilorojdiyll in alcoholic solution. 

,, 30. Old chlorophyll solution. 

„ 37. tVinc oolouriuK-math’r, (I.) pure, (II.) dilutid. 

„ 38. M'ine colourinu-matter-t-NlIg. 

„ 39. (I.) Mallow coTourinjt-inatter concentrated, (II.) Elderberry coueentrated. 

„ 40. Acid che.iTy (5.) Acid cheny, with addition of tannin. 

,, 41, Mallow colouring-matter, with the addition of alum. 

„ 42. Indigo solution. 


lUOHTKK I-OIITION OF TUB SIT.OTBUM BXTKNUINe FJIOM 15 NBAB1.Y TO 1). 


Wave I,eii)?tli8, 
e79'9 to 003-2, 
003-2 „ 040-2, 
640-2 „ 629-4, 
629-4 „ 612-6, 
012-6 „ 696-9, 


Absorption Factor. 
. -01447 
. -00449 
. -00207 
. -00117 
. -000517 

s 


DauKBK rOltTJO.M OF TUB Sl-KUTKUM FKOM ABOUT D TO F. 


696.-9 „ 582-3, . 

582-8',, 509-9, . 

609-9 „ 667-0, . 

657-0 „ 640-8, . 

646-8 „ 636-0, . 

686-0 „ 528-6, . 

623-0 ,, 616-3, . 

516-3 „ 608-6, . 

.508-6 „ 601-1, . 
501-1,, 494-2, . 

494-2 „ 486-0, . 


-000127 

•0000592 

-00002288 

•00001248 

•000007819 

•000009869 

•00001222 

•00001376 

•00001894 

•0000168 

•0100176 


Sa/raniw. dissolves in alcohol with a fine rose-red colour, with a weal 
red fluorescence. Its spcclrmii is shown iu No. 30 (a, concentrated solu 
tion, b, dilute); it is like that of eosin (No. 29), hut the spectrum of oosii 
is changed hy nitric acid, that of safranine is unchanged. From a solntioi 
containing safranine, safranine may be extracted by shaking it up with ih 
own volume of amyl-alcohol in any ordinary sepoiating tnlie. 

The spectrum of naphthaline-red is figui-ed No. 31, after Vogel, but it ii 
not quite accurate, for it gives a delicate shaded liaud from A.93(5 to A5fl8 
and a band extending from E to A472. 

Coralline and Aurine (rosolic acid) give a.ve^ similar spectrum. Tlu 
spectrum of aurine, according- to Noel Hartley, in 0-00008 grm. per o.o. 
viewed in a layer of 3 mm., consists of a band, A616 to A361, in thi 
■visible, and also a band in the Idtra violet spectrum, X286 to X206; in weakei 
solution (0-000116 grm.) there is a single ban^, X484 to X467. 
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Ponceau 2 K ((!. JI,.N,0,S,,N'!i',), thf sodium salt of xyleno-azo-ZJ- 
Daphthol-disalphouio ttcid; 

S Ponceau 3 H, the similar salt of cumene; 

Congo-red, C, 2 H„ 3 N,j() 5 SoNa 2 , the sodium salt of diphenyl-diazo 
binaphthiouic acid, oil ^ive a similar spectrum, a hrood baud in the green, 
from about XfiS to \488. 

Krytliromui (phloxine), C^nllBOjTiNaj, the soflium (or potassium) salt 
of tetra-iodo-fluorosccinc. gives two bands in dilute solution, the one 
extending from A488 to A.'nSO, theji a narrower Iwnd between D and E, 
X550 to AD58. 

Fad Fed, C..„TIi3N20^SNa, the sodium salt of p-sulpho-naphthalenc-azo- 
/?-naphthol, gives in solutions of 0'04 mgnn. per 100 c.c. viewed through 
1 mm., a band between K ainl (1, XI41 to X439. ^ 

PkMck Hcarld, C.,,Uj.,N 40 .S 2 Niv 2 , the sodium salt of sulpho-lionzcne- 
azo-sulphobcnzeue-azO'/B-naphthol, gives in a solution, 3 mm. thick, strength 
0'56 mgnn. per 100 c.c., a baud extending from Xol8 to X438 {Ifartleij), 

Civeeine Sciirld, CujlIj^NiOjS^Nii^, the sodium salt of sulpho-tolucne iizo- 
toluenc-azo-/l-uaphltiol-y8.sidpliouie aui'l, gives in a solution, 2 mm. thick, 
strength 0'45 nigrm. per 100 c.c., a Irand from X520 to X479. 

Alhanet, the root of Anehusa Hnetona, contains a red colouring-matter, 
insoluble in water, but soluble in alkalies, alcohol, ether, and fatty oils. 
The colouring-mattor appears to be anohusic acid, O-ijH^DOg. In dilute 
solutions the spectrum shows three absorption-kands; on the addition 
of a trace of a magnesium salt, a fourth absorption-band apjjears, hence 
nlkaiict-rod is a test for magnesium salts, and conversely a magnesium salt 
is a test for alkanet-rcd.' It may not uufrequently be found as the colour¬ 
ing-matters of tooth tinctures, hair oil, etc. " 

- Madthr .—The root of the madder, RuUa tinchmum, contains two 
colouring-matters—alizarine and purpurine—with others loss studied. 

AHzarine, C^IIjO^, crystallises from an alcoholic solution in yellowish- 
red crystals, and may Ite sublimed as brilliant red needles at temperatures 
a little above 100 . The needles are sparingly soluble m water, but 
dissolve freely in alcohol and ether. Alizarine is now made artificially on a 
large scale. The alcoholic solution of artificial alizarine shows no bands, 
but there is e-xtinotion of tlie violet up to the green (see No. 6). On the 
fuldition of ammonia tho solution changes to a beautiful red, with weak 
bands in the gi-cen (No. 6); tho aqueous ammoniacol solution gives two 
bands (No. 7); the alcoholic solution made alkaline with potash gives 
evidence of a third feeble band (No. 8). Natural alizarine is not now 
much used, but it may bo at once distinguished from the artificial by its 
giving al)sorption-bands in an alcoholic solution. 

Alizarine may be also distinguished by chemical tests: copper acetate 
added to a solution in alcohol gives a purple precipitate, aluminium acetate 
'gives a red precipitate iu,an alkaline solution, and ferrous acetate and other 
iron salts give a dark bliie violet precipitate. Niue precipitates, are also 
formed on the addition of cither barium chloride or calcium chloride to 
alkaline solutions. These precipitate have respectively the composition 
C„Hg 04 Ba and C„H/),Ca. 

Purpurine, crystallising from, an alcoliolic solution in yellow 

‘ Msgnssiunirsalts also alter more or less eharaoteristicaliy the spectrum of jnioe of 
elder herrios, the oolonring-nmtters of the beet, dahliit, dragon's month, horse chestnut, 
hyacinth, violet, rhododendron, purple aster, and Primula farinoaf, Heriehte thrdeuUr' 
jAem, QeselUchaft, xiii. 766-766. c 



needles, and subliming like alizaj-ine in'red needles, dissolves i& alkalies 
with a dark red colour; it givesrfiot bite but purple precipitates with the 
chlorides of calcium or barium. The alcoholic solution gives (see Noy 
11) weak absorption-bands at F and at hE. The spectrum on the 
addition of ammonia or potash becomes very characteristic (see Nos. 12 
and 13). 

Hafiliiwrr. —^I’he safflower, Carthaium tinciorim, contains in its petals 
several colouring-matters, chief among which is cartliamine or oarttiamio 
acid, Ciudhamine turns red in alkaline solutions, and may be 

precipitated red by an acid. It is met with usually as a delicate pink or 
red dye, and forms the usual colouring-matter of rouge. 

Logro'iod contains a colouring-matter named huimatoxi/Kn, 

3IIoO, crystallising from water in yellow prisms; this changes by the action 
of tlie air and ammonia into a red or purple substance named luematmn 
(C],Hi 30 „) 3 N. It may also be produced by adding nitric acid to an 
ethereal solution of luematoxylin. Hmmatoiu always exists in the free 
state in the wood, and an alcoholic tincture gives the reaction of 
luematein. The spectrum of the logwood colouring-matters is delineated 
in Nos. 21 and 22. Alkalies turn the tincture first red, and then 
violet. The best test, however, is the addition of an aluminous salt 
to an ammoniacal tincture of logwuod, the result being the formation of an 
abundant bluish-violet precipitate. To test for alum, chips of logwood are 
boiled with water and the solution diluted until the spectrum shows the 
edge of the band close to the D line, as represented in fig. 16, curve 22; 
on now adding a drop of a solution of alum, 1 per cent., the absorption in 
the blue disappears, and a single band makes its appearance, having its. 
centre abou^. the line D, and 
extending from E to between 0 
and 1), or to about k628—<th* 
curve then having the position 
shown in flg.;';ilr: 1 mgrm. of 

either alum orvljz^^^s ““‘y ^‘ Fio 17. 

this way reoognitfcd. Iron inter¬ 
feres with the test, and should it be present, Vogel recommends its con¬ 
version into the ferrous condition, to add ammonium sulphocyanide, and to 
extract the sulphocyanide with other, iron sulphocyanide being soluble in 
ether; in this way he has been able to detect alum in a mixture of 1 of 
alum aud 40 of an iron salt {op. eit.). Coloured liquids, such as wine, are 
decolorised by a little Km de Javelle and hydrochloric acid, boiled with 
alcohol, neutralised, and filtered. 

Brazil-wood, sapan-wood, lima-wood, peach wood, and some others, yield 
a glucoside, which splits up into sugar and brmltne, CjjHjjjOj. Alkalies 
turn brasiline a crimson colour, and the crimson solution gives blackish- 
violet precipitates with aluminium and stannic salts. It is oxidised slowly 
in the air, or rapidly by the action of nitric acid into a red crystalline body, 
hrasUein (Cj 2 H,j<).)jN. The spectrum of brazil-wood extract in solution 
is delineatea in Nos. 23 and 24. 

There is also a red colouring-matter yielded by the santal-wood named 
* $aniaUn’ and occurring in microscopic red crystals insoluble in water, but 
dissolving in alcohol, with a red colour, turning to violet on the addition of- 
alkalies. 

The Red Juicee of Fruits qjtd BeiTtes.—Bed currants when fresh show 
a band between D and F, tfie centre of the band being nearly at E. In 
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dilute solutions there are indications that this is really a double band: 
when acidified, the colour can bcf’shaktii out witli amyl alcohol. 

^ The red colouring-matter of the strawberry is also similar, it not 
identical. It gives a double band in (he green, and the colour is dissolved 
from the acid solution by amyl alcohol. 

The raspberry has also a similar, if uot identical, colonqng inatler. 

The siJcctram of these vegetable juices ap])ears to be analogous to tht 
red in the chrom.atophore of the lolister (ThuiHchmu). 

The red berries of the common asjKiragus contain a yellow coloui 
soluble in water, and a red colouring-matter soluble in alcohol. The lattei 
colouring-matter gives two well-defined bands between F and G. 

The red berries of Cralaei/iiK also give a two-handed spectnim, the oin 
between E and F, the other midway liotween F and G. 

All these colouring-matters, however, recpiire further jivestigation. 
esperially with regard to the ultra-violet and infra-red jiortions of tin 
spectrum, both of which are invisible. The infra red spectrum wil 
specially rejiay study. A method of examination of this iiortion hai 
been discovered of groat accumey. A fine wire, tlirough which a feebh 
current of electrical cuirent passes, is slowly, by means of a delicate micro 
motcr arrangement, moved along the iuvisilile sjnjotrnm, and where ther( 
are al«orption lamds or lines the electrical current is all'ected as measured 
and shown by a galvanometer. The ultra-violet part, if a (piarts train ol 
prisms and lenses be used, can be easily photographed or may ho viewed bj 
a Soret’s ocular. 

The red colouring-matters of the grape and various reds used to coloui 
wines arc dealt with specially in the article on Wine. 

As with other colours, so with red tints generally; if they arc onci 
identified, imitation mixtures can Ixi made and estimated colorimetrically 
or, if the absorjitiou factor is known, they m.ay be cslimated by t 
speotroscopo with a double slit and a suitable shutter connected with th( 
ocular. 

§ 60. OnANOB AND YsiiLow.—The most common oranges and' yellowi 
are the annatto colours: curcuma, picric, acid, fustic, chrysopbanio acid, 
gamboge, and aniline oranges and yellows. 

The Annatlo Oo/onrs, —The colouring-matters of the annatto are two 
substances, one a yellow, orellin; another a cinnabar red substance, liixin. 
The latter is described in the article on ‘ Annatto.’ The annatto colouring- 
matters are not soluble in water, but are easily dissolved by alcohol. 
The alcoholic solution is orange red, and non-fluoi;esccnt. On the addition 
of nitric acid it lieoomcs turbid. On dilution with water, there is a strong 
fluorescence, and it becomes yellow-green. It then absorbs, like ferric 
chloride, the whole left side of the spectrum E, and half to D. 

liirnierie is the root of Curcuma limya. The oolouring-matter is 
eureumin, CjIIuOj, insoluble in cold water, and sparingly soluble in 
boiling water. It is very soluble in alcohol, and fonns brilliant yellow 
crystals. Turmeric moistened with boric acid and dried assumes an 
orange colour, changed by alkalies into a blue; this is due to the formation 
of a compound soluble in alcohol, forming a red solution, and crystallising 
in lustrous green crystals, to which the name of roeori/anin has been 
, ^ven. No. 32 shows the spectroscopic appearances of eureumin. 

Picric Acid (CjlT 3 (NOj,)jO), also called carhazotic acid and trinHro- 
pfienol, is formed commercially by dissolving^henol in sulphuric acid, and 
then treating the solution with nitric acid. It crystallises from hot water 
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in yellow plates, having a very bitter taste. The salts arc ex])lusive. It is 
taken up from acid watery solutidfis by fietroloum-ether, other, or benzine, 
and hence can be readily obtained pure enough for examination. 

Picric acid is not precipitated by acetate of leiul. The ebief chemical 
lest is the production of isopurpurato of potash, which is the result of adding 
cyanide of potassium, and gently warming. 

The reaction is represented as follows:— 


0„Ha{N0.,b0 + 3CNK + 2H.,0 = 0,HjN,,0aK 4 COjKs I NII,^ 


* isopurpurate of potash is of a blood-red colour. 

FuMie is the gcneml name for yellow colours found in the wood of 
the Marus iinrtuna. 

The wocKLsJontiiins two distinct colouring-matters; the one, montanuie 
acid, +HjO, soluble in hot water, and forming yellow crystals; 

the other, morine, is but s])aringly soluble in water; ciyslallised 

from alcohol the sulwtanco forms yelloxv needles. Hotb give yellow pre¬ 
cipitates xvith acetate of lead. The sjiectroBcopie apjjeanuiees of fustic 
are shown in No. 34 (a.) in concentrated, (4.) in dilute solution. 

Chrywidumir. Acid, (.'jiH-iClfjlOjiOll).^, melting jioint 178“, appears to 
be dioxymclbylantbraipiinone. It is contained in the rhubarb and wall 
lichen (Farmdia /laneliiia). In commerce it is in the form of six-sided 
tabular cr 3 -atalB, of a pale to an orange-yellow colour. It is very readily 
extracted from rlmbarb which has been previously macerated in water, 
pressed, and dried, by digesting the rbubirb in benzine. Tlie crystals are 
soluble in ether, oil of turfieutiuo, coal-naphtha, benzine, and other hj’dro- 
carbons. 

The 8jK;ctrum of chry^phanic aeid is very similar to that of natural 
alizarine. Solutions of chrysophauic acid give, with alkalies, a riitb purple 
colour. An ammoniacal solution of chrysophauic acid yields, with alum, 
a beautiful rose-coloured precipitate. An alcoholic solution of subacetate 
of lead gives, in the alcoholic solution, a red-white precipitate. Chry- 
sophanic acid, on being oxidised with nitric acid, yields methylanthra- 
quinone, ;.. , , 

Gambuye. —This is a colouring-matter derived from the Gamma 
morella, var. pedicellala. It is a gum resin, to which the formula of - 
CjjHjjO, has been ascribed. It is very insoluble in water, but soluble 
in alcohol. 

In order to detect it in sweetmeats, to which it has occasionally been 
added, the yellow colouring-matter is dissolved in alcohol, and Jirecipitatcd 
by water, a reaction at once showing that it is of a resinous nature. 
The precipitate, if gamboge, will give a red colour with an alkali. It 
is without doubt a poisonous colour, but the question of quantity must 
be considered. Sixty grains have caused death, and five grains is a 
medicinal dose; and since some persons, especially children, are peculiarly 
susceptible to the action of medicines, even quantities so small as a 
third of a grain in a couple of ounces of sweets, should be considered 
as having possibly an injurious action. 

Aniline Ormiyes and YeUotet. — Eosine, Cj^HgOjEr^Naj, the alkali 
salt of tetra-bromo-fluoresceine, is a reddish-brown powder soluble in 
water, the solution being of a reddish-orange with green fluorescence; 
it gives a yellow-red colour, <^, if in strong solution, a red precipitate 
with hydrochloric acid. All the derivatives of fluoreseeine have a similar 
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Bpoctruili, of which cosine may be taken as the type. Moderately diluted, 
tWe is an intense dark bund in'the ^cn; this, farther dilated, divides 
into two well-marked bands, the respective centres of which (in an 
alcoholic solution) are X525 and X491; the same bands, slightly altered 
in position, are soon in ctliyl-oosine, rose hengal and phloxiu. Eosiue as 
a dye may often be recognised by the spectrum of tlin fabric strongly 
lit by the rcttocted rays of tlie sun, or by the lime or electric liglit. The 
fibre may also lio digested in slightly acidified alcolnd; the nlexrbolic 
extract is then taken up by amyl alcohol, a drop of ammonia added, and 
the spoctrosoopio appe.arancc8 noted. The absorjdion factors of eosiue from 
a solution of 0 01 mgrin. per c.c. have been ascertained by Kriiss for the 
following wave lengths ;— 


Tonip. 21)*. 

Wave leiiKth. 
678‘9 to 650‘2 
627*5 „ 009*5 
588 6 „ 570*6 
662*6 „ 540*6 
522*7 „ 618*2 
501 *6,, 498*6 
482*8 „ 475*0 
469 0 461*5 


AI)8()r])tion Fat-tor. 

. ii*0f*025 

. 0 *00020 
. 0*00012 
. 0*000055 

. o*( ooooro 
. 0*0000187 
. 011000*221 
. 0*0000844 


Croedne Oramji- (Ponceau 4), Ci„H,|N./)jSNa, is the sodium salt of 
l)en/.enp.-aso-/f-uaplithol-j8-8nlphouic acid. Tliis dye is soliihle in water 
with an orange colour. Hydrochloric acid gives a brownish-yellow pre¬ 
cipitate. It gives a spectrum in whicli a single broad band occupies half 
of the green and some of the blue ; the baud in dilute solution extends 
from aiwut X5‘iC to X438. 

T (Mandarin (1 11), Cj^HigNjO^SNa, is tho sodi\im salt of 
8ulpho-o-tolueue-azo-)8 naplithol, it is soluble in water, and precipitated by 
bydrochlorie acid in brown flocks. It gives a similar s})eetmm to the 
abova 

Orange. I (Tropfpoline 000), 0]„H„N,/)jSNa, is the sodium salt of 
p-sulpho-benzeno-azb-a-naphtbol, while Or.inge II is the similar com[)ound 
of j8-naphthol; the former gives a lirownish-yellow colour to hydroohiorio 
acid, and precipitates in brown flocks. It gives a spectrum similar to 
crocoiuc orange; 0-2 mgrm. in 1 c.c., viewed in a stratum of 4 mm., gives a 
band extending from X630 to X399. 

Remrcin Yellow (Tropisoliiio 0), CioHjNjOjSNa, is the sodium salt of 
p-snlpho-benisene-a’/.o-roBorcinol; it is soluble in water, and'not changed by 
hydrcKihlorio acid; dissolved in the projiortion of 0'2 mgrm. in a o.o. of 
water, and viewed in a stratum of 4 mm., it gives a single bond from X476 
to X361 (ffarllcg). 

Dipkenglaminr Orange (Orange IV—Tropajolino 00—Fast yellow), Cj, 
Hj^NgOjSNa, is the swlium salt of yj-snlpho-bensene-azo-diphonylamine. 
Tho salt dissolves in water readily; it gives a violet precipitate with 
hydrochloric acid. It gives no banis, but cuts off the violet and blue 
rays. 

Chrytoidine, Cj 3 H]jN 4 Clj, is the hydrochloride of diamido-azo-bonzene. 
In commerce it is more often mixed with other colours; thus, mixed with 
magenta, it is known as ‘cardinal’; with safianine, it is known as 
' scarlet for cotton ’; it is soluble in waten and strikes with faydroohloric 
acid an orange-brown colour. It gives a band in tho visible spectrum, when 
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in the concentration of 0 8 mgn*. per,c.c., and viewed through 2 mm., 
extending from X494 to X439; in a stratum of 3 mm. there is a band in 
the ultra violet from \247 to X232 {Uartky). 

Mefhtjl Omnge (Orange III—IJeliivntliine), Cj,II,^NjSOjNa, is the 
jdinm salt of p-sulpho-lHiiisene-aso-dimcthylaniline; it is a common 
laboratory reagent as an indtaitor for alkalies and acids. It is readily 
soluble in water to an orange solution, and strikes a nmgenta-red with 
hydrochloric acid and other acids. Metliyl oningo in a concentration eijual 
to 0'3 mgrm. per o.o., and viewed through a stratum of 3 mm., gives a band 
^extending from X509 to X3()l; it, therefore, shuts off all the violet and 
blue rays, ns well as some of the green. It also, under the same conditions, 
gives a spoctnim hi the ultra violet, extending from \270 to A256. In a 
more dilute solution (0'06 mgrm. per c.c.) it gives a baud from X458 to A407 
(Uartlq/). • 

Melanil yellow, CijHi^NjOjSNa, is the sodium salt of ?»-sulpho-bcuzene- 
azodiiihenylamine; it is soluble in water, and gives a crimson colour with 
hydrochloric acid. It gives no band in the visible spectrum, but slmts off 
all the violet and blue rays. 

Plioqihm'. (Cbrysauiline), C,gll|(,N.,Oj, is the nitrate of diamido-phenyl- 
acridine and its homologuos. Ttiis colour is soluble in water, and does not 
chango colour with hydrochloric acid. It gives a shadowy band from X486 
to A508 in the visible spectrum. 

§ 61. The Gkbbns— arc chlorophyll and the aniline greens. 

ChlorophyU, the green colouring-matter of plants. It would appear 
that it is now possible to separate cblorophyll in a crystalline state. The 
merit of this discovery belongs to A. Oautier, who crystallised chlorophyll 
in 1877j' and two years afterwards Hoppe-Soyler,^ without knowing of 
Gautier’s paper, described the same substance under the name of chloro- 
phyllone. Gautier’s method is as follows:—The leaves are ponnded in a 
mortar, and sodic carbonate added in quantity nearly sufficient to neutra¬ 
lise the acid juices, and the product strongly pressed. The marc is then 
exhausted at 65°, and again strongly pressed : to the exhausted substance 
alcohol is added, and the whole digested at 83°; chlorophyll, wax, pig¬ 
ments, fat, and other matters dissolve. The liquid is filtered and digested 
with coaree animal charcoal, which has been previously washed. At the 
end of four or five days it has lost its green colour, and becomes yellowish- 
or brownish-green. The charcoal retains the chlorophyll, and is now 
washed with alcohol at 66"; the latter removes a yellow crystallisable 
substance generally accompanying chlorophyll, and intimately allied to it 
in composition. 

From the animal black thus freed from the yellow substance, chloro¬ 
phyll may be extracted by anhydrous ether, or \ety light petroleum other. 
A slow evaporation in the dark will yield it in crystals Thus obtained, 
chlorophyll forms flat, often radiating crystals, which may be more than a 
centimetre in length, soft in consistence, and of an uitonso green colour 
when recent, but slowly changing to yellowish-green, or greenish-brown. 
If the crystallisation is too rapid, these long crystals are not obtained, but 
green masses composed of microscopical crystals, belonging to the rhombo- 
hedral system. 

Diffused light changes chlorophyll to yellowish-green, and ultimately 

• Bidletm de la SoeUU Chem. S. xxviii., 1877, p. 147. Camjdm rmdut, Izzxix., 
p. 861. 

* BericMe der deataclm chm. QttelMutfl, 1879. 
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decolourises it. The crystals d^olve/in ether, chlorofonn, petroleum, 
carbon disulpliidc, and benzine. Digested witii hydrochloric acid, chloro¬ 
phyll splits up into two new substances, one giving a boiiutiful blue 
solution, the other roniaiiiing iusoliiblc, hut dissolving with a brown colour 
iu hot ether and alcohol, from wliich it ajjjroars inclined to crystallise. 
Fremy, who was the first to notice this splitting-up of chlorophyll, called 
the first substance phyllocyaniue, and the last pliylloxanthine. 

The ultimate analyses of chlorophyll by Hoppc-Seyler and Gautier 
agree fairly well, especially as Hojipo-Seylcr’s chlorophyll i)cing derived 
from monocotyledonous and Gautier's from dicotyledonous ])lauts, it is, 
possible there may be some slight diirercnco in their com])osition. Chloro- 
pliyll has not yet been obtained free from .ash. 


Oarl)on, 

lloi>p«-8cyler. UauticY, 

. 73-4 73-77 

Hydrtigun, , 

. 9-70 9-80 

Nitrogon, 

Phosphorus, 

. 6-62 4-15 

. 1-37 


Hoppccseyler. Ouutler. 
Phosphat(*s, Asli, . ... 1*75 

Mttgupsia, . . *34 

Oxygen, . 9*57 10-33 


Mr. Sotby has studied the colouring-matters of haves, and has divided 
them into five groups1, Chlorophyll; 2, xfinthophyll; 3, erythrophyll; 
4, chrysophyll ; and 5, phaiophyll. 

The Vhlorojthyll group are all green in colour; the members are insoluble 
in water, but soluble in alcohed or carbon disulphide. The absorption-band 
is in the red, but the green is more or less completely transmitted, so that 
the prevailing tint is a more or less modified green. There appear to be 
several members of the group; one kind (which is probably the crystalline 
chlorophyll just described) occurs nearly pure in small aquatic plants, allied 
to the Oscillatoria; the green leaves of plants contain this, along tiith one 
which gives special absorption-hands. A third kind is the result of the 
action of acids on this, found more especially iu autumnal leaves which 
have become brown. A fourth is in faded Confervse, and turns blue when 
acted upon by hydrochloric acid (Fremy’s phyllocyaninc 1). 

Xantliophyll .—This is a group of orange colours. They are insoluble in 
water, hut soluble in alcohol or carbon disulphide. The general tint of the 
spectrum is orange, there is absorption at the blue end, often more or less 
marked narrow bands. These bauds are best seen in carbon disulphide 
solution. Examples of two species of xantliophyll are the inner and outer 
layers of the common carrot. 

Mrythrnphyll. —A group of reds. They are soluble in water and weak 
alcohol, but not in carbon disulphide. Tlicre are many varieties. There 
is a strong absorption iu the green parts of the spectrum. 

Ohrymphyll is a golden-yellow colour, soluble in water and weak alcohol, 
like the last, and insoluble in carbon disulphide. 

The Phaiophyll group consists of various browns, due to the oxidation 
of chlorophyll. They give no definite absorption-bands. 

The spectrum of chlorophyll is given in Noe. 35 and 36 (fig. 16). • No. 36 
is an alcoholic solution of fresh chlorophyll. There are two well-defined 
absorption-lmnds in the red,, and two others, somewhat weaker, between Baud 
'The blue end of the sjiectrum, up to F, is dark. Old solutions (No. 36) 
In com^® somewhat, and a fi'th band appears between F and C.* 

niagenta,iore reoent studies of chlorophyll are those of 'Wilhelm Milllermeister in Zeit, 
* scarlet fo^»<«i 1907; Richard Willsttttter, I/otig Amuileii, 1907 and 1908 ; and 
acid an orai^*'^ abstracts in Ckem. Sx. Journal, 1908, i., 197-199, 
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Green, if not due to chlorophjjl, noi» to colouring-matters ui cuinnsr or' 
metallic origin, may bo one of the aniline greens, such as aldehyde or iodine 
green. 

Aldehi/th Oivm, C2.,H27N.,S.,0, is made hy the action of aldehyde on 
losaniline imd treatment of the product with sodium Iiyposiilpliitc. It is 
only manufactuifsl in small quantities, its place having hcen taken hy other 
greens. It is insoluble in water, hut soluble in alcohol. 'I'lic spectnlm of 
aldehyde groen(l),mcthylrosfinilinopicr.ito(a), iodine green (3), and malachite 
green (4) are all similar, hut hy the aid of tests and couqiarative solutions 
may ho distinguished from each other. 

The following diagram (fig. 18), after 
Vogel, sufliciently indicates the dill'er- i. 
enccs hotweon the spectra. ^ 

Mr. Hartley has investigated the 
spectrmn of iodine green in a eoncenlra- *' 
tion of 1'26 mgrm. ])er c.c., viewed in a 
stratum of 0 mm.; it gives the following 
hands:—In the visible part two hands, 
one from A694 to A.945, the other from 
A.434 to X410 ; in the ultra violet a single 
hand from \324 to \286; hut in a layer of 4 mm. two hands are seen in 
the ultra violet, one from A.317 to A286, the other from A266 to A235. 
Probably most, if not all, of the aniline greens give hands in the ultra 
violet. 

!j 62. Indigos and Vioi.kts.—T he chief blues to ho found, not of 
mineral origin, are indigo, litmus, and the aniline colours. 

—Indigo is the produce of a great numlier of plants, most of 
which belong to diU'erent species of Imhi/iferu. It would seem that the 
indigo exists in these plants in the form of a syrupy gluooside, which has 
lieen named indican, and splits up into indiyluciu and iniU/jo-Uue, according 
to the equation, 

liidioan. Water. IndlKO-liIue. liidiKliu-iii. 

CE[Hg2NaOg4 41LO — OiflllmNgOjj + 6CyH]oO(j. 

In the treatment of the crude substance by acids, other rod and yellow 
colouring-matters are thrown down with the indigo. Pore indigotin has to 
be freed from these impurities, and may bo crystallised in minute crystals. 

It is .also capable of sublimation. 

Crystalline indigotin is of a deep jmrple colour, and is insoluble in water, 
dilute acids, and alkalies. It is converted inb' orange crystals of imiin, 

by treatment with oxidising agents. Indigotin is dis¬ 
solved in concentrated sulphuric acid, and two compounds arc formed—the 
one, indigo monomlphmie acid, or imiigo-purjiuric acid, C, 5 HdN, 0 .^(S 03 H), 
which is first formed; and the other indigo disulphonic acid, CijHjNjOj 
(SOaH)^, which is formed later.. The first is easily separated from the 
second, for it is precipitated by the addition of water. A sodium salt 
of indigo-sulphuric acid is used much in laWatories under the name 
of indigo-carmine as a test for nitrates, as well as for their estimation, 
oxidising agents converting it into imtin-eulplwnic acid, CjjHjN 204 (S 03 H) 2 , 
which has an orange colour; hence, when a liquid containing a nitrate is 
acidified strongly with sulphuric acid, and a solution of indigo-carmine run 
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into the hot Bolutionj the colour change^ at first to yellow until an excess 
of indigo has been added. The spectrum of indigo, iu concentrated solution, 
issliown in No. 42. There are no Isuids, but absorption of the red, orange, 
and yellow cud of tlio spectrum. Indigo can bo determined quantitatively 
by the spectroscope; the absorjition factor for X412’7 to A.')9.')’9 is 0'0000142. 

Litmus is a blue colour obtained from lichens, and* very familiar to 
chemists as an indicator of acids. As a colouring agent of either foods 
or studs, it is of little importance, not being a ‘ Cast colour,’ Its spectrum 
is shown at Nos. 25 and 26. . 

Aniliue. lituet .—The aniline blues and violets are numerous, and give, 
spectra in which may be seen one or more bauds in the rod. 

Melh!il(fne Hlw, C,„H|,jN.,SCl or {(’|„H|,N 3 SCl )2 + ZnCL + H20, is the 
hydrochloride, or may be foiiud as the sine double chloride of tctra-mcthyl- 
thiouinc. It is easily soluble in water, but loss soluble in alcohol, 
lleducing agents reduce it to lencomethylene blue, the air oxidising it 
back again to methylene blue. Couceutrated solutions slmt off all red 
and yellow up to A647 ; more dilute ones show a band from 1) to C (A.589 
to X622). 

The absorption factor has been worked out for certain wave lengths.* 


Tomp. 20" 
Wave J.el)eth8. 
XflISt to A6,'j6-2 
a 627*6 to a(> 09‘6 
X688-6 to \576’« 
a652-« to x540'8 
\5227toA613-2 
X.'iOl -6 to A4»a'6 
A482-8 to A47D-0 
a 46» 0 to A461-6 


AbeorptloD factor. 

0-0001996 
0-000265 
0-000726 
0-00125 
0-00308 
0-00326 
0-005 • 

0-0176 


Manve (Perkins’ Violet), the colouring-matter of postage stamps, is 
soluble in water, and gives a baud from \6l4 to ASDS. 

Aniline Bine (soluble in spirit) is the hydrochloride, sulphate or acetate 
of triphenyl-rosaniline and triphenyl-para-rosaniline. These blues are 
insoluble in water; properly diluted they give a band extending from d 
toU. 


Methyl Violet gives a band the centre of which occupies the line D. 

Alkali Blue 6 B gives no liand, but extinguishes the red and yellow; 
on acidifying with HCl a band is produced Wween E and D, and there 
is absorption of the violet and blue. 

§ 63. Brown Coiaiurs. —Bkinarck Bromt (Vesuvine), Ci^HjoNjClj, 
is the hydrochloride of benzone-diaso-phcnylenediamino. .It is soluble in 
water, and does not change by acidifying with hydrochloric acid. Hartley 
has investigated its spectrum. In a stratum 5 mm. thick, with a con¬ 
centration 0-09 mgrm. per c.c., it gives a band extending from A467 to 
X407. 

Acid Brown, C,jH,5N„0,SNa, is the sodium salt of benzene-azo- 
phenylene-diamine-ozo-bcnzene-p-sulphonic acid; it is soluble in water, 
and does not change by the addition of hydrochloric acid. A solution of 
4 ragrms. per c.c., viewed iu a stratum 8 mm. thick, gives an absorption 
band from A451 to X399. 

Oaramd .—All shades of brown, from a rather delicate fawu colour up 
to black or nearly so, can be given by canftnel. Caramel is not a single 


* Q, and H,iHrn8s, Zeit. f. atwrym, Chemie, L ^ 
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simple substance, but a mixture el vari(KiB colouring-matters derived from 
the deh^rdration of sugar. Caramel is soluble in water, and is precipitated 
by alcohol. 

Caramel, as it usually occurs, is almost all soluble in water, and gives 
precipitates with alcohol, ammoniacal lead acetate, and baryta water. It 
gives a spectrum without definite alworption-bands, but extinguishes the 
blue side of the 8])ectrum, like ferric chloihle. Canuncl may be susjieeted 
in a brown liquid not coloured by a mineral substance, which is not 
decolorised when sufficient tannin is added, for the colouring-matter of 
berries is precipitated by tannin. Among the members of caramel, there 
are three principal substances—vis., caramelane, C,jHo„Oji, carameline, 
and caramelin. 

Carmaelane makes up the chief bulk of ordinary caramel. It is brown, 
hard, and bTittle, bitter to the taste, without odour, deliquescent, and 
very soluble in water, sparingly soluble in weak alcofiol, insoluble in ether. 
It does not precipitate metallic salts in acpieous solutions, but reduces an 
alkaline solution of oxide of copper, and also the salts of gold and silver. 

Carameline may la; separated from caramelane by first extracting the 
latter by alcohol of H4 per cent., oxliausting with cold water, and pre¬ 
cipitating with absolute alcohol. It is a brittle solid, of great tinctoriali 
power; it is easily soluble in water, sparingly in alcohol, insoluble in 
ether. 

O'lrameUn is a mixture of three substances of different solubilities; it 
is black, T|feting, and infusible. Its solutions precipitate metallic salts, 
and roducij?;^d and silver solutions. 

6 64.-SCI1EME FOE THE DETFXmON OF THE ANILINE AND OTHEK 
COLODRINO MATTERS‘ BY CHEMIOAL REAGENTS. , 


The uailine oolouis admit, of a chemical classification as follows:— 

I. N%t,fO'Col<fwrt, —The of which are picric acid, the dinitrucrfsols, 

hromonitro'pheuol'p'snlphonicacia. 

II. Azaxry Colmriy such as the sodium salt of azoxystilboiio disulphonic acid, kuowu 
in commerce as “sun yellow.” 

in. such as “ tartrazines.” 

IV. AiO’Goloiirs,~-*l^\nsaa arc venr uuniewus. The bivalent azo-group (— N = N —) 
is found in two classes of organic boiiios—-in the di.*/.o and in the azo coiniMiunds. In the 
diazo comiKiuads the ono valency is satisfied by a benzol residue, and the other by a 
halogen, hydroxyl, an inorganic acid, or an amido-group; e.g. — 


Dlazobeazol. 


(C«H.-N = N),-SO,. 

Dlazobenzol sulphate. 


CJI„-N = lf-NH(CelU 

Blazoamidobenzol. 


C«H4-N = N —NO, 
C-H.—N = N-NOg. 

iWazodtplwayl-nItrate. 


These diazo bodies possess no colouring propertiw, but they are the more ini{)ortuit 
sources of the azo bodies. 


* The above classification is borrowed from The Syfitematk Survey of the Orgnnu 
Coloiirino-ilaltere, by Dr. G. Schulte and P. Julius, translated, with additions, py 
Arthur §. Green, P.I.C., F.C.S., London, 1894. On tho interesting chromophoro theory 
of Witt, see Ser, der deuteehen ckevi. Oee., ix., p. 622, and Vhciaw^’^Uunyfiv.f 422. 
Cto the poisonous propertioe of i^e tar ctdounng-matterB, see Thretfarbrnt mu 
hesonderer HUdenekt auf Sehddliehkcit it. Ofisetzgebungt hygienisch u. forejauKh diMmuich 
untermcht, by Dr. Th. Weyl. Beril'*, 1889. • 
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The »zo bodies contain two benzol ipsidues^mcli (if which is bound to a valency of 
the nitrogen atoms, thus— 

CA“-N = N-C,TI^ 

Azuboiizo]. 

OH., tJIIg 

A/iitoluol (ortho ami )iam>. 

Azouaphtbalii). 

NO, 

/ 

/ 

C,,ll, - N N - CTI. - CO - Cll,,. 

Niti’u]>1mnylar.oaoctoiK’ 


The azo bodies )io.ssess colour, but are iM't dyes uidil an mud or basic^pxiu]) is iiiti* 0 ' 
duced into the molcetile; azodieiizol, foi' example, is a yellow substance not capable of 
dyeing, but azo-benzol mono- or di-sulplionic acid possesses Aveak-dyeing iivopertios. 
Similarly, if an liydroxyl or an amide group cutci’s into the molecuh', tiio dyeing 
properties arc niueh cnlianoed ; for (’xaniple, umido-azo-benzol disulphonic acid — 


4 

NlL(l) 

/ 

1 

c„]r,-N» 

1 

N-Cil, 

\ 

HSO., 

HSO., 


ill the form of a sodium salt, is the chief ronstitueiit of ‘acid yellow’; tropa:oIin Y is 
the sodium salt of oxy-azo-benzol sulpljonie acid— 


C«H4-N -K-(VIi(OH) 
ilSOs. 


About half the nuuilau' of tar colours known belong to the uzo>gruup. 

Kxauiples of a/.o colours aiv: — 

YKLhtiws. —Acid yellow, Sudans—crooeine—orange—butter yellow. 

Rnim.—Various T’oiiceaux. llonleuux, Koecellino. 

HhAriC.—Azonigrine—najdithylamine biaek D. 

VuKFLEs AM) ilLUKs.—llessiaii juirplc, diainino vioh't, sulphonc-azuriiie. 

V. NUroao (hlours.^AW the colours in commerce belonging to this group are green; 
examples ai’o dinitroso-rt'sorciu, uaphtliul gi'emi. 

VI. Oxyl’ctuM Cohiii'a. - Examples are alizarines—purpuriup. 

Vn. lUpliemjl-vaHuinc Cbftmv’s.—Examjiles, auraminc, acridine j*ed, pyi’onines. 

VIII. Triphmyl-mcUianc Colours. —Examples, malachite green, vicloriablue, magciitu, 
acid magenta, methyl violet, cosine, erythrosino, rose Bengal, ])hloxiiies, rhodarnines. 

IX. Indoyltemh. 

X. Oxaziiics nnd T/imz/acv.—Examples are Meldola’s blue (chloride of dimetliyl* 
pheiiylaromonium-jS-uaphtlioxazine), methylene blue B and B G H (hydrochloride of 
tetramethyl thionine). thioniiio blue (hydrochloride of trimethyl-ethyl-thiooimi). 

XI. Azittcs.‘^{a) Eurhodines.—Example, neutral violet (hydrochloride of dimethyl- 
diamido-plienazine)- il>) Safmniues and indulines.—Examples, safraniuo, naphthalene 
red, inauv(\ induline. 

XII. ArlificUU hidiyo. 

XIII. Quimtline Examples, quinoline red and quinoline yellow, aldehyde 

green 

XTV. Acridine (7ofom.—Examples, ocridim* yellow, acridine orange, phosphine 

XV. ThiobetKCKyl Examples, thiollavine, primuliiio. 

To these must bo added a number of coloure like cauarino and murezide, which either 
do not fall within the above divisions, or their constitution is iusntiiciently known. 

The group reagents used by Schultz and .lulins am—(1) a solution containing 10 per 
cent, tannin and 10 (ler cent, sodic acetate; (2) zinc dust and hydrochloric acid, or zmo 
dust and ammonia; (3) 1 i^er cent, solution of chromic acid ; (4) 1 per cent, solution of 
chromic acid and 6 jicr cent. 8ulj)hurio acid.^ ^ 

* Sy^natic Sun^y of Vn Organic Colowhg-MatU-.i'Sy by Drs. G. Schultz and P. 
Julius. Translated by Arthur ^ Green, F.I.C., F.O.S. Loudon, 1894. 
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ORom- I.-COLOTJ|S SOIJJBLE IN WATER. 

A. PSBCIPITATKII BY Tannin Souiticin : Basio colonre. Eeduoo aquoous solution by 
zinc dust and liydrooliloric acid, and jmt a drop or two of tbo uecolorisi’tl solution 
on filter paper. If the colour does not quickly telurn on ezposuro to air, the sjiot 
is touched with a drop of I per cent, chromic acid solution. 

(1.) The original qplourquickly reappeain on ex]K)sure to air; aziue, oxazine, thiazine, 
and acridine colours. 


RED. -TOLUYLENE RED, SAFRANINE, PYRONINE, ACRIDINE RED. 

ORANOE AND YICLLOW.-PHOSPHINE, BENZOFUUORINE, ACRIDINE 
YELLOW, ACRIDINE ORANGE. 

GREEN.-AZINE GREEN. 

BLUE. -METHYLENE BLUE, THIONINE BLUE, TOLUIDINE BLUE, 
MELDOLA'S BLUE, MUSCARINE, NEUTRAL BLUE, BASLE BLUE 
R and«B B, NEW METHYLENE BLUE G G, NILE BLUE, CAPRI 
BLUE, FAST BLACK, INDAZINE M, METAPHENYLENE BLUE B, 
PARAPHENYLENE BLUE, INDAMINES. 

VIOLET.-MAUVE, AMETHYST, NEUTRAL VIOLET, FAST NEUTRAL 
VIOLET, PRIME, PARAPHENYLENE VIOLET, INDAMINES. 

(2.) The colour I'cappoais veiy slowly, or not at all, on exposure to air, hut returns on 
sjiotting with 1 per cent, chi-omic acid solution; triphonylmetliaiic colours and 
basic phthaleins. 

RED.— MAGENTA, iSORUBINE, RHODAMINE, ANtSOLINE. 

GREEN.-MALACHITE GREEN, BRILLIANT GREEN, METHYL GREEN, 
IODINE GREEN. 

BLUE.-VICTORIA BLUE B, VICTORIA BLUE 4 R, NIGHT BLUE. 

;TIOLET.-METHYL VIOLET, CRYSTAL VIOLET, HOFMANN’S VIOLET, 
BENZYL VIOLET, ETHYL PURPLE, REGINA PURPLE. 

( 8 .) Oi'iginal colour docs not rolurn at all. 

YKLLOW and brown. —AURAMINE (this colour, when a holutiou is mlitced, and 
a drop placed on filter ])aper and warmed over a flame until diy, gives a beautiful 
violet); THIOFLAVINc T (tliis colow is i*educed with difliculty) CHRYSOI- 
DINE, BISMARCK BROWN. 


B. Not piwipitated by Tannin Solution : Acid coloni’s. The aqueous wlution is reduced 
with zinc dust and ammonia, or>iiic dust and hydruehloric acid, and a drop of 
the decolorised solution put on fi!U‘r jiain r. If the coh*ur doi^s not quickly return 
on .exjifisuro to air, the sjiot is touched witli a drop of cliioinie acid solution (1 }Kar 
cent. Cr 08 + 5 per cent. wanned over a flame, and then held in the 

va|>our of ammonia. 

(a.) The solution is decolorised. 

(a.) The colour quickly reaiqiears on exposure to air; SUL.PHONATED AZINES, 
OXAZINES, THIAZiNES, etc.. SOLUBLE INDULINES. SOLUBLE 
NIGROSINES, RESORCIN BLUE, AZURIN£,THIOOARMINE, BASLE 
BLUE R S and B B S, GALLAMINE BLUE. GALLOCYANINE. GALL- 
ANILIC INDIGO P S, INDIQOCARMINE. SAFROSINE, AZOOAR- 
MINE. MIKADO ORANGE. 


(^.) The original colour does not reappear on exposure to air, or oulv very slowly, but' 
returns with chromic acid and exjKwure to ammonia vapot^r. The aqueous solution 
of the dyestulT is acidiiiod and shaken with other. 

(o.) Ether exlmcts more or lew* completely the phthaleins and aurine, such as 
URANINE, CHRYSOLINE, EOSINE, ERYTHRINE. PHLOXINE, 
ERYTHROSINE, ROSE BENGAL, CYCLAMINE, AURINE, COR- 
ALLINE. (Of these, oofdiie, erythrinc, and phloxiuo contain bromine; erytii- 
vosino, rose bengal, and cyclamine contain iodine; and the bromiuo or iodanc 
may be set free by the action of strong sulphuric acid.) 


(t.) Ether does not extiaot the ftilphonated triphenyl-methsne coiours—that is the 

toUowingi-AOID MAQENtA, ACID VIOLETS, FORMYL VIOLETS. 
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ALKALI BLUES, SOLUBLE^LUffi, ALPINE BLUE, PATENT BLUE, 
FASTGREEN-BLUISH, ACIDGREfeNS, GUINEA GREENS, CHROME 
VIOLET. 

(k.) Tbn orifiiiittl ooloiir dons not aiiimir al. all ; azo, iiitin, nrlroso, and liydinzine colours. 
Ileab-d on tdatinuni foil, nitr<» coloui's dc(la#;ralfi with tlic production of coloured 
vapours; such nitro colours am—PICRIC ACID, VICTORIA YELLOW, 
AURANTIA, MARTIUS YELLOW, NAPHTHOL YELLOW S, 
BRILLIANT YELLOW, AUROTINE. 

On tin) other hand, azo, nitroso, and hydrazine colours hum quietly or dellagniti' slif;lilly, 
Kinng olf at the same time (like the niti-o colours) coloured vaiKOim. Small 
pimcH of unmoi-danpal cotton are amik<d in the solution, and the resulting coluumd 
cotton snhiuittcd to the action of waiiii soais The suhstantivc azo colours, such' 

as ORIEL YELLOW, CLAYTON CLOTH RED, ALKALI BROWN, 
ATLAS RED, VIOLET BLACK, COTTON SCARLET, NAPHTHY- 
LENE RED, HESSIAN PURPLE, CONGO-YELLOW, CONGO-RED, 
BENZO-PURPURINE, resist tlic action of wanu soap, hut ike ordinary azo 
colours are strqqMjd hy the.iu. 

(it.) Colour not dccolorisetl hy zini; and ainmonla, hut changed to hrowuish'icd, Oi'iginal 
colour returns quickly on exposure to air—ALIZARINE S, ALIZARINE BLUE 
S, CCERULINE S. 

(a ) Colour hy the action of zinc and aiuinoliia slowly and incompletely disappnara— 

CLAYTON YELLOW, THIAZOL YELLOW, TURMERINE, MIMOSA, 
(r.) Colour not altemd hy zinc and ammonia; very slowly or not at all by zinc and 
hydrochloric ncid-QUINOLINE YELLOW, PRIMULINE, THIOFLAVINE, 
OXYPHENINE. 

Okoui’ 11.—dyestuffs INSOLUBLE IN WATER. 

The colouring-matter is treated with water, and a few dro{i8 of D [lOr cent, caustic 
soila solution, 

(1.) The colour dissolves. The alkaline solution is heated with zinc dust and i.mnionia, 
and a drop is put on lilter iiajier. The celonr fades or is changed to light brown. 

(a,) Original colour reappears quickly on exposure to air—COERULINE, GALLEINE, 
GALLOCYANINE, GALLANILIC VIOLET BS, GALLANILIC BLUE P, 
GALLOFLAVINE, ALIZARINE, BLUE, ALIZARINE BLACK, ALIZ¬ 
ARINE, CYANINE, ALIZARINE-CYANINE BLACK, RUFIGALLOL. 

(i.) Original colour does not reappear on exposure to air—ALIZARINE, ANTHRA- 
PURPURINE, FLAVOPURPURINE, ALIZARINE ORANGE, ALIZ¬ 
ARINE BROWN, ALIZARINE BORDEAUX, ALIZARINE YELLOW G 
G& R, CHRYSANINE, SUDAN BROWN, PATENT FUSTIN, MYRTLE 
or RUSSIAN GREEN, GAMBINE R and Y DIOXINE. 

(1) The colour remains iusolnhlc. 

(A) Holtthle in 70 per cenL alcohol, 

(a.) Solution not lluonwoent. On adding caustic soda (33 iief cent) to the alcoholic 

solution-INDULINE OPAL, NIGROSINE OPAL, ROSANILINE BLUE 
OPAL, and DIPHENYLAMINE BLUE OPAL change to reddish-brown; 
while INDOPHENOL, SUDAN II and III, and CARMINAPHTH are not 

altered 

'«•) Solution fluorescent On adding caustic soda as above, Magdala red fluorescence is 
destroyed; while the fluorescence of the siririt cosine and cyanosuw is unaltered. 

(B) Insoluble in 70 (ler cent, alcohol. 

INDIGO, ANILINE BLACK, PRIMULINE BASE. 

§ 64a. Otto Witt and £. Weiugitrtner clatmify aniline coloun; as 
follows:— 

L Soluble in water. , 

(a.) Basic colours. 

(6.) Acid colours. 
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n. Insolublo iu water. 


To isolate the basic soluble colours, Uie atiueous solution is alkalisod by baryta, soda, or 
]K)tash, and the colouring-matter extracted by shaking out with acetic ether. The 
acid soluble colours are tested for, as follows To the aqueous solution is added 
an excess of calcined mamiesia, and then a solution of tucixturic acetate (20 per 
cent strengtli), the whole boiled and filtered; the fiUrato is either coloured or 
colourless, should the filtrate bo colourless, if an acid aniline colour be pi'esent, 
acidificatioii uith acetic acid will I’eproduoe the colour. 

The aniline dyes insoluble in water' aro dissolved either iu soda solution or iu alcohol, 
The chief basic colours iu pi'eseuce of baryta water dissolve in aisotic ether ; they 
ai-e equally soluble in animoniacal atuyliu alcohol, which they for the most iHUt 
colour ; but if not, the colour is I'epi'oduced by adding to the amyl solution acetic 
acid. They are also precipitable by tanaiu. 

ThestJ I'omarks a])]»ly to tin* following:— 

KEUCOLO01Jtf.-FUCHS!NE, TOLUYLENE RED, SAFRANINE. 

YELLOW AND OKANGE OOLOURS.-PHOSPHINE, FLAVANILINE, AURA- 
MINE, CHRYSOiDINE, VESUVINE. 

GREENS, -VICTORIA GREEN, MALACHITE GREEN, METHYL GREEN, 
METHYLENE GREEN. 

BLUES.-METHYLENE BLUE, VICTORIA BLUE. 

VIOLETS.-METHYL VIOLET, HOFMANN’S VIOLET, MAUVEINE. 


The acid aiiilinei colours arc not precipitated by t^uinin; they are insoluble or but 
slightly soluble in acetic ether iu the presence of baryta M'ater, and in any case 
. the addition of acetic acid does not increase the tint. Tiny are also iiisolublo or 
but little 8<.)Iublfi in amylic ulcoliol. The chief of these colours ai'e;— 

REDS.—EoHine, oosine scarlet, phloxine, Rental rod, Biebiieh’s scarlet, <;rocoino, Congo 
red, cocciiiiue, ponceau from xylidiiic, ponceau R, 2R, 3R, I'ocjceUine (R solid), 
Bordeaux B, acid fuchsiiin, corallino, auriiie, benzo-purjniriiio (B) 4B, delta- 
lui^'purine 5 B, Oongo corintli, Congo-wninth B, 017011 * 081110 , ponceau 8, pui’plQ 
N, licliotnqie, rosazurine G and B, iiiduliiie, nigrosiue. 

YELLOW AND ORANGE.—Elnorescoine, benzU lIuoi*e8eeiiie, '^cric acid,' Martins 
yellow, naphtliol S yellow, aumotia, chrysaniine G and R (tliis colour is nut very 
sultilile in cold water), cliryROj)lieninc, tropmoline 0, troiiasoliiie 0 0, methyl 
orange (tropaoline D), orange I, orange II, orange III (ethyl orange), Poirier’s 
yellow, metouiline yellow, lutooline, citroniiio, orange (D R r 3,222), ohrysoine, ‘ 
mandarine, tarliuzine, alizarine 8. 

VIOLETS.—Acid violet, iiitro-violet, lioliotro}M5, indulino, and nigrosino. 

BLUE.—Alkaline blue, soluble blue, bcuzo-azurine G and R, nitro-blue, alizarine blue 
S, iudigO'carmiue, solutde indulinos. 


GREENS.—Helvetia green. 

§ 64ft. Stein’s method of procedure to detect colours generally is as 
follows:— 

RED COLOURS. 


A. Hkat with Ammonium Sulfhide. —A greenish or bluish colour, which, by Iheaction - 

of baryta water, is cliaiig^ into greeu->'ALOES PURPLE. If the liquid 
becomes purple, ARCHIL is also prasont. 

B. Boil with a Solution of Aluminium Sulthatv. 


0 . The liquid is coloured red, with a beetle-green reflection--MADDER. (Confirm by 
B{)ectrosco}>e.) 

h. The liquid becomes red, but there is no reflection. Add an equal volume of sodium 
sulphite. 

(t)li is bleached. 

Presence of BRAZIL-WOOD, SANTAL, MAGENTA, CORALLINE, SAP- 
RANIN. . 


0. Boil with Alcohol of 80 p*k cent. 
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0 . The liquid colours dislinctly 

SANTALIN. 

h. Liquid colours very little, or uotat all—BRAZIL-WOOD, CORALLINE, SAF¬ 
FLOWER. 

(1.) Iloat witli lime wabr No colour—SAFFLOWER. lied colour—BRAZIL¬ 
WOOD, CORALLINE. . 

(2.) l)nat with dilute sulplmrie acid. Onvngc colour—BRAZIL-WOOD. Yellow 
turning to grey on addition of copiKT chloride—CORALLINE. (Contirra hy 
st)Cctr‘)soojM5.) 

(2.) It is not hleiu-hed. 

COCHINEAL LAC-DYE, LAC-DYE, KERMES, ARCHIL. 

(a.) Boil with al(5nhol; liquid becomes red—ARCHIL. If it only faintly colours, or at 
least if tlio colour is not decided, it may be COCHINEAL, LAC-DYE. 
KERMES. 

(6.) H<«d. with baryta water: no cliaiige—LAC-DYE: the liquid *[)pc(uncs red— 
COCHINEAL, KERMES. 

(c.) Heat with lime water: u rod colour ■ KERMES; a \ iolet colour—COCHINEAL. 

YKLLOWS. 

Heat with a dilnt(> solution of muitral ferric clilonde. 

JYJ?.—This b.'st must bo anidiod when the colouiiiig-matter is sciiaiuted in a tairlv 
pure stub!. 

A. Colour but little altered-ANNATTO, TURMERIC, ANILINE YELLOW, 

PICRIC ACID, NAPHTHALINE YELLOW. Test with a drop of con- 
ceiilrated sulphuric acid : a blue or gm5ii colour is producttfl—ANNA tTO. If 
the spot becomes at once, or after a little time, tnore or less brown or rod, then 
odd alcohol, with a few drops of hydrochloric acid and some boiic acid. 

(».) Liquid bi'comos of an intense pink colour, and on diluting with water there is a 
reddish-yellow colour -TURMERIC. 

{b.) Palo ])ink colour, on dilution with water, crimson—ANILINE YELLOW. 

(r.) Thun* is no change of colour on tlie addition of hydnichloric acid, etc. Heat with 
ammoniacal co|)|)er solution, bluish ff}'eeH; confirm the pi'<!spnce t>l meric acid by 
tho oyaui(io of ]M)tassiuni test, a bhMKl-iH*d colour— PICRIC ACID; the colour 
becomes an olive groeu—NAPHTHALINE YELLOW. 

B. Various shades of cohuir from green to almost black—MADDER YELLOW. 

FUSTIC, FUSTET, QUERCITRON, FLAVIN, BERRIES, WELD. BoU 
with aluminium sulphaU*, with the addition of an equal volume of water; liquid 
bec<uiies yellow, with a ii-d i*eflpctiou—MADDER YELLOW, wiUi tin. Yellow 
with a bluish-gi'oen ivflecthm—FUSTIC. Liquid yellow without reflection. 
Hwit with Karytaw'ater, u red colour—FUSTET. The colour is only darkenecL 
Boil with glacial acetic acid. On cooling, if the liquid is yellow, or greenish-yellow 
—ENGLISH FLAVIN. If the solution is not at all, Or only faintly, colour^, 
boil with basic lead awstate. Thus, with j-egard to fabrics, if a tissue is dyed with 
WELD, the tissue will not clian^) colour; if with QUERCITRON or BERRIES, 
the tissue will <5hange to orange-bi'fwn ; but ai-tichts of food will be scarcely coloured 
with these substanees. 

GREEN COLOURS. 

If the green colonring-matter is not soluble in wab*!-, it is probably chlorophyll 

unlc^ iude^ it is a mineiul colouring sulistance. ChhaH)phyll is best recognis^ by the 

8{>octruscopic characte.r8 of its alcoholic solution (see p. 7«). If not cbloi-ophyll nor a 

mineral sunstance, then 

A. Boil until a moderately concentrated soluti(>n of potossie cyanide. 

(a.) Colour changes into brown or yellow—ANILINE GREEN, GREEN, coutainiiiff 
INDIGaSULPHURIC ACID (carmine green). 

(2i.) Does not change, or changes into a brownish- ociyellowiBb-grt^—GREEN, contain¬ 
ing INDIGO with or without CARMINE GREEN. 


I^ bluish-red, MAGENTA; if yellowidi-rcd, 
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B. In any of the foregoing cases add aiS equal volume of water, and then a V>lution of 
aluniiiiiutu sulphate until an abimdaiit precipitate is foimcd; filter and wash. 
(Excei^ of the ])recipitant must l)e avoided.) 

(fl.) Filtrate yellow or reddish —ANILINE GREEN. 

(J.) Filtaate blue—(1) precipitate colourless—CARMINE GREEN with PICRIC 
ACID; (2) precipitate yellow—CARMINE GREEN with a vegetable yellow. 
Dissolve the yellowjn-ecipitaU- in water, add sulphuric acid, and filter: a gi-een 
fluorescence—FUSlIC; no fluorescence—WELD, TURMERIC. Test for 
turmeric in the oi'giiial substance by boiling with alcoliol, and adding boric and 
liydi‘<)cbloric acids. 

.(rt.) Filtrate colourless, precipitate yellow— INDIGO. 

(6.) Filtrate blue; if the piccipilatc is colourless, PICRIC ACID may l)e present, and 
sliould be tested for ; if coloured, there is probably a veg(*table colour present. 

, BLUE COLOURS. 

Dissolve out the colouiing-matler with alcf»hol of 80 ])er cent., or treat the substance 
itself with alcohol, allowing it to remain in the liquid, and add a few droim of 
hydiuchloric acid: a rod colour—LOGWOOD. Cuiifimi by adding to an 
alcoholic solution ammonia and then alum ; a blue or violet prcci])itate sliould 
result. If the liquid does not dissolve any of the colour, it is most probably 
Prussian Blue, but it may also bo Indigo. If, on the other hand, although some 
of the colour is extracted, yet the substance still remains blue, it is jirobably 
ANILINE BLUE or INDIGO-SULPHURIC ACID. Add strong sulphuno 
acid, with INDIGO-SULPHURIC ACID, no change. The colour chang^ into 
a yellow or reddish-brown in jn-osonco of ANILINE BLUE. On heating with 
sodium carbonatt' again, INDIGO is not ebaiiged, but PRUSSIAN BLUE is 
changed into yellow or brown. 

VIOLET AKD PURPLE COIX)URS. 

Heat with ammonium sulphide. 

A. Tlie tissue is bleaclioH ; soluble ANILINE VIOLET, MAGENTA, with INDIGO 

CARMINE. These two may be distinmiishe^l by the action of boiling alcohol: 
SOLUBLE VIOLET remains violet, MAGENTA becomes red, the substance 
becomes brownish-red. 

Pi-oaence of MAUVE, or HOFMAN'S VIOLET. These m^ be distingnisbed by 
the addition of hydrochloric acid, which colours HOFMANN’S VIOLET 
yellow, but MAUVE becomes purple. 

B, Turns olive bniwn—ALKANET. {Cmfirm by spectrum.) 

D. Hardly any change. Presence of ARCHIL, ARCHIL with INDIGO, LOG¬ 
WOOD, or MADDER. 

Boil with alcohol— 

a>. The solution is niuk, and changes to violet on the addition of ammonia ARCHIL; 
if the ARCHIL is occomiwnied with INDIGO, hot chloroform will colour blue. 

b. Solution in alcohol remains colourless. Heat with dilute hydrochloric acid: 
LOGWOOD is coloured red, and may be fuiiher identified by test already given; 
if INDIGO is usiiOCMtFd with it, liot chlarufoim will colour blue. With hydro- 
olilorie acid, miuider, it it is coloured at all, becomos yellow. 

J. Fortnanek' has published an elaborate study of colouring-matters ; 
he divides the colouring-matters into green, blue, rod and yellow, and 
subdivides these into groups, based on their solubility in water, alcohol, 
amyl alcohol, and their chemical reactions when treated with ammonia, 
nitric acid, and alcoholic potash, and the absorption spectra in the different 
menstrua. The visible spectrum is alone studied, and the appearances are 
represented graphically by a fairly complete series of curves. 

The aocomfianying Tables will also be found useful in the identification 
of organic colours. , 

* Speiiralanalytischer Jihchwis kunsUichtr orgaiiUHier Farbsinffe, Borliu, 1900. 
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TARLE I.— Km'Rci' or Voiatil* 


NAMS. 

11(K Aeid Watery Fluid 

Tlie Colouring Matter dimulved 

is coloured 

I^etndeum Fthor. 

t Benshie. 

i^iiiliuK mi. 

Heddi^ili. 

Nothing. 

Only impurities. 

Aniline violet. 

Hut little colouitul, 
for the gi'oater |Kirt 

Nothing. 

Only impurities. 

Aniline new 

violet. 

Violet from the solu¬ 
tion of a |M>i‘tion. 

Nothing. 

Only tnices. 

Anilute blue 

(insoluble). 

All separated; water 
colourU'SS. 

Nothing. 

Tiuces which, on cx- 
|K)sure to air, arc 
coloured, and give 
a blue residue. 

Aniline blue 

(soluble). 

mill'. 

Nothing, 

As with tlic insoluble 
blue, but r^iduc 
greeniKli-bluo. 

Aniline yellow. 

Hriglit yellow. 

Is colouifd yellow; 
deposits yellow 
crystals BiKtuiane- 
ously ami on 
evaporation. 

As with petroleum 
ether. 

« 

Picric acid. 

Bright yellow. 

Is not coloured, hut 
leaves on evajiom- 
tion a yellow 
ivsidue. 

As with ijetrolcuru 
ether. 

1 Styphnic acid. 

Blight yellow. 

As witli picriu acid, 
hut a snmllor por¬ 
tion is disstdved. 

As with petroleum 
ether. 

Cbrysammio 

acid. 

Yellow ueuti'al, solu¬ 
tion I'cd. 

Nothing. 

Is colourrjd yellow; 
the separate ben¬ 
zine IS rod when 
shaken with caustic 
(Hitasli. 

Auiliiie omiige. 

Bright yellow, with 
gret'iiiHh flocks. 

Only impurities. 

Is coloured yellow, 
and gives a 
brownish * yellow 
I'esidue. 

HsraiiiiA brown. 

Dark brown. 

Only tuijmritios. 

Is coloured blue- 
yellow ; rosidue 
amort>hous brown. 

Vesuvin. 

Brotvn. 

Only impurities. 

Is coloured yellow; 
residue brown 

amoq)hous. 

Coralline. 

Yellow, but little Only imimritiea. 
dissolved. i • 

Only impurities. 
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Solvents Aottno on Acid Solutions.* 


or auBpondud In Water acldKIed wJLli Stdphurio Acid ia extracted by 


Ether. • 

Chloroform. 

Amyl alcohol. 

Traces which, when dis- 
solved, are colonrlera, 
but,uD evaporation, red. 

As ether. 

Is colourad ltd; oxtrocls 
easily, gives a residue. 

Is coloured lilac, and 
leaves behind traces 
of a violet residue. 

But little colonuid; gives 
but small residue. 

Extracts both dissolved and 
suspended, iscoloured violet, 
and gives a lesidue. 


As benzine. 

As with aniline violet. 

Extracts co})iously; is 
coloured strongly pale 
gold. 

As ether. 

As ether, but a larger quantity 
dissolved. 

Only traces. 

Only traces. 

As with the insoluble. 

As with petroleum ether, only in greater quantity. 

• 

Is c<»loured yellow, and 
gives a yellow residue. 

As with {Kstroleum ether. 

As witlt ethyl, only in greater 
quantity. 

? 

As with pelroloum other. 

Is dissolved easier than picric 
acid, the solution yellow. 

» 

As with benzine. 

As with benzine, otdy easier 
soluble. 

As benzine, but easier 
soluble. 

As benzine. 

Dissolves easily; solution 
m'oonish • yellow, I'csidue 
brownisli. 

Extracts very little. 

Extracts very little. 

Dissolves easily ; solution deep 
red-brown, residue brown 
amorphous. 

Takes less up than ben¬ 
zine. 

Takes loss up than hen- 
zine. 

Di^lveset^ily; solution d^p 
red-brown, residue amor¬ 
phous. 

Dissolves much; residue 
orange. 

Solution yellow to deep 
^ broWn. 

As etlier and chloroform. 






















90 fooM; THfa® ooMPOsrrioN aIjo analysis. [J 64&. 

♦ TAfiiK II.— Effect of Voeatil* Soivents 


Nahb. 

llie Amniuniacai Solntlon 
is coloured 

Petroleum Ether. 

The Oolooring 

4 Benzliie. 

Aniline red. 

Almcmt colourless. 

Becomes fluorescent, 
but only dissolves 
a trace, probably 
impurities. 

Is coloured yellow, 
strongly fluor¬ 

escent; residue red. 

Aniline violet. 

Almost oolourless. 

As with aniline red. 

As wi/.h aniline rod, 
only the residue is 
violet. 

Aniline new 
violet 

Almost colourloss. 

Nothing. 

Nothing. 

Aniline blue 
(insoluble). 

Discoloured. 

Is coloured red- 
browm j residue 
bluislu 

As with petroleum 
ether. 

Aniline bine 
(soluble). 

RoddisUe 

Nothing. 

Only a little ex¬ 
tracted. * 

Aniline yellow. 

Dark brown. 

At first yellow, but 
again semrating, 
and becoming 

oolourle^ 

Ejttraote tiaoes. 

. kUiliiie orange. 

Brown. 

Nothing, 

Extracts traoes. 

! Uvanua brown. 

Clear brown and dis¬ 
coloured. 

Is fluores(^nt in Ibe 
sreeu ; • residue 

lmwnb4. 

As with peMeum 
ether. 

' ^esuviu. 

Clear brown. 

Is coloured yellow; 
residue brown. 

Is ocSotxred orange; 
residue brown. 

Coralline. 

S{dendid purple 
colour. 

Only impurities. 

• 

Only impurities. 
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Aotino bn AN Alkaline Sowjtio 


Uattar dUsolved In Ammonlacal Water, and extraoted hy 

• 

Kther. ^ 

Qilftfofurro. 

Aroyl alcohol. 

I» c<)l«ure«l bluish; tlic* res 

due as with benzine. 

Is coloured deep red; the resi* 
due blue-red. 

Is coloured yuish; the 
rosidiie vi<ilet. 

Is coloured a violet* 
blue; residue likewise 
violet. 

Is coloured a deep violet*red; 
residue violet. 

Only traces. 


T^ess than from acid; tlie resi¬ 
due the same as from acid. 

As with j)fttroleum ether. 

. 

More is dissolved, but other¬ 
wise as petroleum ether. 

Only a Uttlo extracted. 

Is coloured yellow, and gives 
a blue residue. 

Is coloured yellow, but 
little is extracted. 

As with benzine. 

Takes up less than out of acid; 
is coloured yellow, residue 
yellow. 

Is coloured yellow, and 
leaves a small yellow 
residue. 

As with benzine. 

Extracts less than from an 
acid soluizon. 

Extracts less than with benzine. 

Becomes deep brown, with a 
green flnorescenoe ; residue 
brown. 

Is coloured yellow; rwidue less, but os with benzine. 

Is coloured deep brown; resi¬ 
due brown. 

Is coloured Jialc yellow, 
residue red-brown, is 
oolouted purple by 
NH, 

Extracts less than out of 
an acid ilnid. 

• 

Is coloured raspberry-red j re¬ 
sidue as from ether. 













Dinolred Id Salpharic Acid Fluid. [ ^ 



















































THE MINERAL MATfEHS OR ‘ASH’ OP FOOD. 

ANALYSIS OF THE ASH OF OBGANIO SUBSTANCES. 

§ 65. As A g(vioral rule, testing the ash for abnormal metals and alkalbi* 
earths is necessary, and more especially if the aeh present any unusua 
character, whether in weight, colour, or solubility. Learing for thi 
present the special tests, the number and nature of the constituents whid 
require to be determined for the purpose of the food-analyst varj 
•according to the particular substance under examination, e.g. — 

In all substances, the percentage. 

In such fluids as milk, the allMine phosphates and the Morides. 

In seeds, ®ich as wheat, cocoa, etc., the total phosphoric acid. 

In beer-ash, the amount of common salt. 

In bread-ash, the presence or absence of alumina, magnesia, and 
proportion of silica to alumimi. 

In tea^rsh, the alkalinitu, the iron, the silica, and proportion of soluble i 
to insoluhle ash. ' 

In ooffeo-ash, likewise the proportion of soluble to insoluble ash, but 
the presence or al)8ence of silica becomes also of importance. 

Prom these illustrations (which might be multiplied) it follows that, 
for the piurposes of the food-analyst, the general constitution of the ash 
will be sufficiently known when the following determinations have been 
made:— 

(1.) The total percentage of ash. 

(2.) The total percentage of ash soluble in water. 

(3.) The total percentage of ash soluble in acid 

(4.) The alkalinity of the ash. 

(5.) The percentage of chlorine. 

(6.) The percentage of phosphoric acid. 

(1.) The Total Percentage of Ash. —Of the various methods of estimating 
an ash, the simplest and moat practical apjjears to bo— to place a sufficient ■ 
quantity of the substance to be burnt in a capacious platinum or porcelain" 
dish, and to consume at the lowest possible temperature in a muffle or by , 
heating with a ring burner.' The quantity to be taken is regulated ■' 
the amount of ash in the substances. For example, flour, containing only 
•7 per cent, of ash, would give with 60 grms. 'SB ash, which is about as 
small a quantity as it'is possible to work with joonveniently, whilst in the 
case of coffee, tea, and cocoa, from 6 to 20 grms. is for most purposes 
ample. 

(2.) The Soluble Ash. —The ash is boiled up two or three times with 
water in the same platinum dish; filtered, and the filtrate evaporated to 
dryness, heated to dull redness, and weighed. 

(3./ The Ash Soluble in Acid. —^The portion of ash insoluble in water- 
isbffil^ up with HCl, and filtered from the sand; the latter is washed,'; 
dried, and weighed. , . j 

* If the suIpHurir acid is the ash ia not to be detennined, a wide glm tube (such as ', 
the ohimney of a common panffln lamp) adjusted over the diah, by its jiowerful ^ ■ 
draught greatly apeditea the operation; out u the aulphuriq acid is to be deteniiinea,'i 
the impure gas of commerce rendeta the reaulta too high. It is, however, of ooune open 
to the analyst to make the gas past through a proper abso!ption-api»mtuB, or to use ^ 
aliiaI,aloohoL • 



S <'<(4.): 'Alkaliniiy i)f the ^he solution in water from- 

^^|ourM with cochineal, and titrated with d. n. acid; the result ma^ bo 
expressed as potash. 

if"- (6.) The Percentage of Chlorine .—The determination of chlorine in 
^he ash usually gives results too low, ospooially if the substance burnt is 
'one, like bread, of difficult combustion, or containing siibstances which 
decompose chlorides at a red heat. Notwithstanding this defect; in a series 
idf ashes burnt under similar circumstances, the amount of chlorine found 
gives fair comparative results. Should there be any special necessity for 
,au' accurate determination of chlorine, no volatilisation will occur in the 
^combustion of most articles of food, if they arc simply well carbonised and * 
■yiot burnt to a complete ash, and if the charcoal be finely powdered and 
extracted with plenty of boiling water. The chlorine may be determined 
gravimetrically by nitrate of silver, or more conveniently by a standard 
solution of nitrate of silver. Using as an indicator neutral chromate of 
.potash. Should alkaline phosphates be present, they must be first removed 
by baryta water.* 

(6.) The Phoephorie Add .—The usual method of determining phos¬ 
phoric acid is to dissolve the ash in hydrodiloric acid, evaporate to dryness, 
remove the silica, mix the acid filtrate with ammonia'in excess, redissolve 
^the precipitated earthy phosphates by aootie acid, filter off and estimate 
the insoluble phosphate of iron (and alumina, if present), precipitate the 
lime with oxalate of ammonia, and then in the fluid (free from lime and 
iron) precipitate the phosphoric acid, by the addition of ammonia and 
magnesia mixture. 


§ 66. Oenernl Method of Determining cUl the Condituenta of an Aah .— 
The best method of determining all the eonditaents of an oiffinary ash is 
perhaps as follows:—A sufficient quantity of the ash (from 6 to it) grms.) 
u pla^ in a flask, about 26 c.c. of water added, and saturated with CO^; 
■the liquid is now evaporated to dryness, heated with a small quantity of 
water to dissolve the alkaline salts—^the solution is filtered through a 
small weighed filter, the filtrate evaporated to dryness, the saline residue 
^treated with a small quantity of water, and the calcium sulphate whkffi 
separates out filtered through a weighed filter, and ^timated; the filtrate 
.pKm this is put in a tared flask, made up to any convenient weight, and 
''divided into five portions by weight, viz.:— 

(1.) For COj.—This is most accurately determined by the use of the 
, following little apparatus:—The solution is placed in a flask A, and sufficient 
-add is put into the short test-tube T, to more than neutralise the carbonate, 
iA stout glass rod is passed through the doubly perfordied oaoutobouo cork, 
supports the little tube in position, ^e carbonate solution is.now 
^boiled until steam hisses out of , the tube Q' (which it is convenient to 
^|brniah with a Bunsen’s valve’). G is' then placed under the mouth of a 
(ttnuhiated measuring tube filled with mercury, and it is at once seen 
pffiether aU the air is expelled. The flame is withdrawn for a second, 
Md the glass rod, which moves quite air-tight, is pulled a little up, so as to 
llppw the acid, tube to tall down and empty its contents into the alkaline 

Chlorine may also be estimated oonvs&ientlyin the add eolation of an aah by 
^nlhaid’a method, described in the artiole on “Water Analyeis’' {poet). 

_! Bunsen's valve is made es follows; Take a niece of nther thiok-walled india-mbbeir 
, eay, three inohee in length; woik it, by the ^ of a HMa e^t, on to any ' 
..a rod which is of snffloient.sise to stremh it well r then with a uatp dis^ by .a 
I blow, ant a loagitndinal slit; ifwsll made, it aliowe air to go ana Way with 
■*te^ but effeotuaBy prevents eiMnm, ** 



iidi£ flame is again placo^^ndei the flui, and the 00,Boilm|«S 
into the measuring apparatus, and measured in the ordinary way. Th<im| 
who are not provided with gas apparatus will find it convenient to jaelteP| 
their eudiometer with a tulie open at both ends. The lower end is olo^f 
by the mercury in the bath; the upper 
is placed undet a water-tap, and a 
syphon is adjusted so as to prevent 
overflow. In this way the gas is 
rapidly cooled, and the whole deter¬ 
mination, from first to last, need not 
* take more than a quarter of an hour.i 
Instead of boiling the solution in this 
way, those who possess the mercury 
pump descrihpd and figured at page 53 
(fig. 6), will find it more convenient to 
make the flask vacuous, then upset the 
acid, and collect the gases expelled. 

(2.) For the sulphurie acid, deter- Fio. 19. 

mined by chloride of barium. 

(3.) For the phosphoric acid, determined as magnesian pyrophosphate, j 

(4.) For the chlorine, by precipitation as silver chloride. 

(5.) For the alkalies, by boiling in a platinum dish with slight excess of 
baryta water, filtering, getting rid of the excess of liaryta by ammonia and ' 
ammonium carbonate, evaporating the filtrate to dryness, converting the 
alkalies into chlorides, and determining their relative proportion from their ' 
total weight and their content in chlorine. This completes the analysis of 
the portion of the ash. 

, The ingrMle will contain lime, magnesia, ferric oxide, alumina if present, 
silica, phosjihoric, sulphuric, and carbonic acids. ‘ , 

The main portion of the insoluble ash is dissolved in nitric acid, fre^ 
from silica in the usual way, evaporated again to dryness in a porcelain 
basin, dilute nitric acid added until the bases are completely dissolved, and 
strong faming nitric acid added, until the solution begins to be turbid from • 
the separation of calcic nitrate. The turbidity is now destroyed by a few- 
drops of dilute nitric acid, the solution warmed, and tinfoil added in small.') 
portions at a time, in weight about equal to the amount of ash taken^'j 
When the tin is fully oxidised, the solution is evaporated nearly to dryness,? 
water is added, and the solution filtered.; the phosphoric acid is retained i 
in the precipitate—the bases are all in the filtrate. The precipitate 
dissolved in strong potash solution, acidified with sulphuric acid, and fre^. 
from tin by hydrin sulphide, concentrated to a small bulk, filtered if any'i 
further sulphide of tin separates, and the phosphoric acid determined byi 
magnesia mixture and ammonia.* 

The filtrate from the tin phosphate must be freed from lead (if tbiSj 



ot oalaiua ohloiido, collect the precipitated caldnni oarbonate. an^ 

tatiate it willk d. n. add) using as an indicator coouneai. Another method whicb hiA) 
ham proposed, is to inaka..a combustion of the substance with po t aie i o biohromate, t&C 
h:. abMXD the CO^ln the usual ww in potash bullis. A third, is to let the add drop 
% asuratug fbnnel cm-to tha onrTOiistse, and abeorb the CO, as in the last, an s^wat^ 
V .and dmng tnbea being used. (JnmaUHder Chmusetixn.fl99-lii,) 
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tin originally contained lead) bychydric sulphide, concentrated, the iron 
and alumina separated and determined by ammonia, the manganese 
separated as biiioxide by bromine-water, the lime by oxalate of ammonia 
as oxalate, and the magnesia determined in the usual way as pyro¬ 
phosphate. 

A weighed portion of the insoluble ash must also be taken for the 
carbon dioxide, sulphuric acid, and sand. Tlie carbon dioxide is determined 
in the manner already described. 

The process just given is not quite accurate with regard to the estimation 
of the alkalies; for Bunge * has shown that since the alkalies form insoluble, 
compounds with the alkaline earths, a wateiy extract of the ash gives low 
results. For example, Bunge incinerated 300 c.c. of cow’s milk; from a 
watery extract of the ash he obtained 

K._.0 -6436, Na^O -0700; 

while from a subseiiuont nitric acid extract of the same ash, 

K^O -0937, Na,jO 0-1162. 

If chlorides of the alkalies be heated with tribasic phosphate of 
lime, the soda is specially likely to combine with the lime in insoluble 
combination—in far loss proportion the potash. 

Bnngo recommends the following method: —The watery extract is 
decomposed with liaryta water until a film forms on the surface of the 
solution, the mixture is warmed and filtered hot. The excess of baryta 
is got rid of by COj, subsequent warming, and filtration; the filtrate is 
evaporated in a platinum dish, the residue gently ignited, dissol^d in a 
little water, filtered through a small filter, and evaporated with IICl in a 
small platinum dish. The chlorides are then ignited, weighed, and 
separated by platinum chloride. 

The hydrochloric or nitric solution of the insoluble portion of the ash is 
evaporatiKi to dryness in a platinum dish, the residue again dissolved in a 
little of the acid and water, treated like the former with baryta water, and 
’ filtered hot. Ammonia and carbonate of ammonia are now added, the 
liquid filtered, and the filtrate evaporated in a platinum dish, and ignited 
at the lowest possible temperature. The residue still containing a trace of 
alkaline earth, is extracted with water, evaporated with oxalic acid, ignited 
again, taken up with water, filtered, evajrarated in a small platinum dish, 
ignited again, dissolved in a little water, and lastly, evaporated with HCl, 
and the alkaline salts separated by bichloride of platinum. 

Since a determination of the ash only ^ves those mineral substances 
which are fixed in the fire, and destroys nitrates, and changes oxalates, 
citrates, and tartrates into carbonates, while other constituents, under the 
influence of heat, undergo a new arrangement, it becomes a question 
whether the ingenious method recommended by E. Laugier® i» the analysis 
of sugar, would not be applicable in several cases. 

M. Laugier takes two portions of sugar, one for the ash, the other for 
the organic acids, the latter being exactly double the quantity of the 
former. To the larger quantity of the sample, dilute sulphuric acid is 
added drop by drop to set free the organic acids; the acidified sugar is 
mixed with pumice stone and exhausted with ether; half of the ethereal 

I Liebig’s AnnaJm tier Chemie u. PharmaeU Atnil 16, 1874. 

* Cmnfi, rend., IxxxviL, 1088-1080, 
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solution is added to the ash oli&'nedi from the smaller portion, anfl 
evaporated down ujxm it and weighed. By this moans M. Laiigier thinks 
that he reconstructs the original salts in the sugar. This, however, 
cannot he entirely true. The other half of the ether solution is titrated 
with an alkali. 


METHODS OF ESTIMATINO KITROGKN AND NlTliOQENOUS 
SUBSTANCES IN FOODS. 

§ 660 . A complete analysis of foods, especially with the view of asoer- 
taining their dietetic value, necessitatcB the following determinations:— 

• 1. Total nitrogen. 

Nitrogen as albumen. 

8 . Nitrogen as aeid-amiues. 

4. Nitrogen as auiido acids. 

6 . Nitrogen os nitrates and nitriles. 

Total Nitrogen .—The method of burning organic substances with 
copper oxide and copper, so as to obtain all the nitrogen as a gas, and 
also tlie other well-known method, by which the substance is mixed with 
soda lime and burned, so as to decompose the nitrogenous substauoej 
into ammonia, are both too well known to be farther described. At the 
present time, nitrogen is most frequently determined by Kjeldahl’l 
process, as modified by Gunning, Arnold, and others. From 0'6 grm. tc 
2 grms. (according to richness in nitrogen), of the substance is introduced 
into a flhsk of hai^ Jena glass, and treated with 20 c.c. of strong sulphurit 
arid, at the same time adding a small globule of mercury; the fksk if 
closed by a balloon stopper, and heated over a gas flam* very gradually 
after frothing has ceased, the heat is increased to brisk boiling, and aftei 
a short time 10 grms. of potassium bisulpliate are added. On again boiling, 
the liquid gradually becomes clear and colourless. The contents of the 
flask are cooled, washed into a spacious distilling flask, provided with s 
doubly perforated cork, through the one hole of which passes a ihistU 
funnel provided with stopcock, while the other carries a tube connooteci 
with a condensing apparatus; through the funnel is poured a sufflcieul 
quantity of a solution of sodium hydrate (containing a little sodium sul 
phide), to more than neutralise the acid. To prevent bumping, a little 
sine foil should be added. The ammonia is now distilled over into e 
known quantity of d. n. sulphuric acid, the loss of acidity being finally 
determined in the usual way and expressed as nitrogen. To avoid tin 
error from the soda solution being carried over, Dr. Bernard Dyer uses, ai 
a communication between the distilling and the receiving fi^k, a block 
tin tube bent in the form of an arch; this rises to a height of 18 inchef 
befoie tuniing over; the other end of the tube is united by a cork to s 
pear-shaped adaptor having a large expansion, which dips into an Erleu 
meyer flask containing the acid. If nitrates are present, the sulphurb 
acid used for oxidation is charged with about 2 per cent, of salicylic aoi4 
While the contents of the flask are still cold, some zinc dust (1-2 grms;), 
as well as the globule of mercury before mentioned, is added, and tlu 
sino is allowed to dissolve before heating.^ 

^ (/bum. Ckem. 8oc. Trana.fJ.B96t 811 . \ 
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Besidos the above, there ait» other modifications, e.g., Arnold and 
Wodemoyer' oxidise 0-6 grm. of the substance by means of 30-60 grms. 
■ Bolphuric acid, 15-30 grms. potassium sulphate, 1 grm. mercuric oxide, and 
1 grm. copjwr sulphate. With small quantities of ammonia the iodometrio 
titration (Icscribed in the chapter on ‘ Water,’yiosf, has some advantages. 

Enimation of the Nilroijen from Albumen. —^The motBod of Stutzer is 
probably the best. From 1 to 2 grms. of the fimely divided substance are 
iwiled for a few minutes with 100 c.c. of water, or, if the substance con¬ 
tains much starch, it is simply digested on the water bath for from ten 
to fifteen minutes, then from 0'3 to 0'4 grm. of moist hydrate of copper 
is added, and, after cooling, the liquid is filtered through Swedish filter 
paper, Uie filter washed with water, and the residue with the filter 
submitted to Kjcldahl’s process. The ammonia thus obtained is considered 
to bo derived from albumen only, and the difference betvfeen the total 
nitrogen and that from Stutzer’s process gives non-albuminoid nitrogen, 
which is sufficient for most purposes. Should the substance contain 
difficultly soluble alkaloids, it is first treated with absolute alcohol, acidified 
with acetic acid and hciited to boiling, the alcohol decanted off as far as 
possible, and the residue washed with a little warm alcohol; then the 
substance is treated as before with water and copper hydrate. 

Edimation of Non-Allmminoid Nitrogen. —10 grms. of the substance 
are lx)ilcd with about 300 o.o. of weak alcohol (40 per cent.), acidified with 
a few dro{)s of acetic acid, the flask being connected with an upright 
condenser. The lioiling should continue for about one and a half to two 
hours; the liquid is thou cooled, filtered, and made up to a definite bulk, 
of which aliquot parts are taken for the following determinations;— 

1 . AIvf(7»a(t«n One-third of the fluid extract is<-evapor- 

ated down to 60 c.c,, cooled, some recently calcined magnesia added, placed 
in a small flask attached to a tube loosely packed with glass wool, 
moistened with 10 o.c. of normal hydrochloric acid, and the air evacuated 
by a mercury or a good water pump, and after a vacuum has been 
obtained, a clip is put on the india-rubber tube connecting the 
apparatus with the pump, and the apparatus put on one side for throe 
days. By the end of that time it is to be presumed that any ammonia in 
the apparatus will have evaporated and have been condensed in the glass 
wool moistened with hydrochloric acid; the glass wool tube is now 
disconnected, and the wool washed with a little distilled water, the acid 
water is evaporated to dryness on the water bath, and the ammonium 
diloride determined by the well-known method of precipitation with 
'platinum chloride. 

2. Estimation of Amitlo-add Amide Nitrogen^ —Another third of the 
extract is boiled with dilute hydrochlorio acid (7 to 8 o.o. of strong acid 
.added to every 100 o.o. of liquid extract^ for from one and a half to two 
(hours. At the end of that time the liquid is cooled and treated with 
'hypobromide of soda in a nitrometer, and the resulting gas measured. 

v .. The difference between the nitrogen found by the first process and 
that by the second process equals the nitrogen as amido-acid amide. 

^ 3. Eetimation of Amido-acid Nitrogen, —Another portion of the liquid 

''«$thict is also boil^ with hydrochloric acid, and then cooled and subjected 
(in a suitable apparatus to the action of soAo nitrite. The resulting gas 
submitted in a Hempel’s burette to strong alkaline permanganate, which 

%'■ *' Arnold and Wedemeyer, Zeit. anal. Chem,, xxxi, 6SS. 8eo also Henii E. Caossa 
V. PAanft., iSDfildl, L, 648. 



absotlM both NO and CO^, and l^yos, ii the operadon bae ^ p«^e) 
nondueted only nitrogen : the gas is measured in the usual way. 

Since nitrite evolves nitrogen from both amido.aoid amides and ai 
ami£ thTnrt^nof 2 must be subtracted f«,m tlie nitrogen evoh 

By the prooftssea described, the following are estimated 

2 ^srof smido-Mid amid«* from dilforenco botwoen Nos. 1 ond 2. 
s’. Sie n^Ren from amido-aoids from the difference between Nos. i an . 
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PART 1II.-CARB0-HYDRATE8. 


STARCHY AND SACCHARINE SUBSTANCES. 

§ 67. The oarbo hydrates are divided into three great gronps, via., th 
of grape sugar, that of the saoohnroses, and that of cellnlose. They most 
contain 6, or a multiple of 6, atoms of carbon; and hydrogen and oxyg 
in the proportion of 2 : 1—that is, in the same proportion as the oc 
stituents of water. Recently, however, sugars have been synthetical 
formed containing 3, 4, 6, 7, 8, and 9 carbon atoms. 

I. The Orape Sugar Group. 

To this group belong sugars containing 3, 4, 6, 6, 7, 8, and 9 carb 
atoms, inown under the names of trioses, tetrosos, pentoses, hexos 
ocfoses, and nonoses. These possess the following general profwrties 

1 They are all easily oxidisable, and reduce Fehling's*solution. 

a! Most of the glucoses under the action of dilute mineral acids foi 
leviilinic acid and humus sulwtances. 

3. Warming with acetic acid and phenyl-hydrazine they all form mi 
or less difficultly soluble and crystalline ‘oeazones.’ 

The formation of osazonos takes place in two stages; first, one moleci 
of the sugar unites by means of its aldehyde or ketone group with c 
molecule of phenyl-hydrazine to form the easily soluble hydrazone, thus; 

Huirar. Fhenyl-bydrasine. 

OHaOH[CH(OH)l,CH(OH)CX)H + 

Hydrazone. 

=CH,PH[CU(0H)]30H(0H)0H 

?r-NH(C,H,) + H»0 

with separation of one molecule of water. Than, in presence of an exc 
of phenyl-hydrazine, another molecule of phenyl-hydrazine unites with \ 
hydn^ne with separation of a molecule of water and a molecule 
hydrogen, thus:— 

CH,'OH)[C^^lbH(OH)OH + NH, 

OlQcotato&e. .. ^ 

- CH,(0H)[CU(0H)],0-0H + U, + 
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The osazones are distinguished rfrom each other by their differences of 
solubility and their melting point; glucosazone melts at 145° C., lactosazoue 
at 200° C., galaotosazone at 193° C., maltosazone at 206° C., arabinosazone 
at 160° C., and sorbinazone at 164° C.* 

4. The glucoses all form additive compounds with hydric cyanide, the 
cyanide thus formed being converted, by the action of h^drolising agents, 
into acids, which acids on reduction yield aldehydes; these are true sugars. 

6 . Several, not all, of the glucoses arc capable of fermentation. 

An example of a triose is glycoroso, CgHjOg; of a textrose is erythrose, 
C^lljO^; of a pentose is arabinose, CsHjqOu; the hexoses are glucose,, 
mannose, fructose, and galactose. 

II. 27ie Cane Sugar Group. 

To this group belong sugars of the formula CjuHjjOjj—eip., cane sugar, 
milk sugar, maltose, and sugars of the formula CjgHgjOj, (raffinose). 

III. The Carho-hydrafes. 

To this group belong the so-called polysaccharides, cellulose, starch, 
glycogen, gummy matters, and dextrin. 

Cane Sm/ar, CjjHjgOjj, occurs in a very large number of plants, but is 
only manufactured from beet-root, the sugar-cane, sorghum, and the sugar- 
maple. Its specific rotatory power is + 66'6 [a]j,. It crystallises from 
i|i^ solutions in water or dilute alcohol in anhydrous cryst^s, the specific 
gravity of which is 1'606. It is s(duble in one-third of its weight of cold 
water, and is very soluble in hot; in absolute alcohol it is insoluble, the 
solubility rising in proportion to the weakness of the alcohol. Thus, 
according to Scheiblcr, the numVmrs in Table IV. arc the perceiftf^es of 
sugar dissolved, and the specific gravity of the solution at the common 
temperature of 14° C. 


TAKLK IV.— SoiUBiLiTT or Suoab in Alcohol or DirrrJiENT Sthbnoths. 


cent, alcohol. loo 
0 . . . 

6 . . . 

10 . . . 

16 . . . 

20 . . . 

25 . . . 

80 . . . 

86 . . . 

40 . . 

45 . . . 

60 . . . 

55 . . . 

60 . . . 

66 . . . 

70 . . . 

76 . . . 

80 . . . 

85 . . . 

00 . . . 

95 . .. , 

07-4 
100 . 


3.0. of the solution contain 
86-8 
. 82-4 

79-4 

70-6 . . 

78-4 . 

69-8 

66-0 

61-0 

58-7 

61-6 . 

46-7 

89'8 

82-9 

25’6 

17'8 . 

112 . 

6-4 . ■ . 

. 2-7 . 

0-7 . . 

0-2 

0-08 . 

000 . 


Sijccthc gravity of tlie 
saturated solution. 

. 1-3248 

! 1'2991 

’. 1-286 

'. 1-2293 

". i-i&s 

’. 1-1294 
’. l-OM 
o-e72i 
'. 0-8981 
'. 0-8869 


> Also by the manner of their fonnaldon i e.jr., nlucosatone separates suddenly after 
. four to fire minutes’ heating; lactose and maltose wow no osazone while hot; ^dacto- 
. samue separates in fifteen to nin^n minutes, 
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When solutions of sugar are boOed with dilute mineral acids, the sugar ' 
is split up into two glucoses; the one rotating to the right, hcnre named 
dextrose, the other rotating the plane of polarised light, to tlie left— 
levulose.' Ivong boiling with water has, to a slight degree, tlio same effect, 
and it is also shown in the action of ferments, 'when exposed to light. An 
uncorked solution of sugar (or one imperfectly sealed) will in a few days, 
according to the temperature, show some degree of inversion. But a 
boiled solution of sugar, which, while actually boiling, has been hermeti¬ 
cally sealed, will keep unchanged for years. Citric acid in a 2 per cent, 
solution readily inverts cane sugar ; it does not act on milk sugar, a fact 
utilised in the detection and determination of mixtures of these sugars. 

Carbon dioxide, especially under pressure, inverts sugar.® Pure cane 
sugar, if free from glucose, undergoes no change of colour when boiled 
with the alkalis; if, however, glucose be present^ there is a very decided 
change. 

Sugar forms a few well established compounds with bases, and many 
with salts. The most definite of the sugar compounds combined with 
bases are those which it forms with baryta and lime. If a solution of 
sugar be boiled down with sulphide of barium or baryta, a sandy precipitate 
forms, having the composition CjjIIajOnBaO; and on decomposition of 
this with COj, pure sugar is obtained. A commercial process based ujion 
this reaction is in use in order to recover the sugar from molasses, and it 
may bo employed in certain cases in the laboratory with advantage. 

There is a monobasic lime sucrate corresismding to the 

barium compound, and a tribasio sucrate of lime (CijIljjOijSCaO). Crys¬ 
talline compounds are also easily obtained with certain sodium salts; 
thus, thwe is a chloride of sodium comiiound CjjH 2 . 2 Oj 1 NaCl. 2 H 2 O; and 
another having the formula 2Cj2H220j,3NaCL4H20. An iodide of sodium 
compound may be obtained in large crystals having the hjlowing composi¬ 
tion : 2Cj2H2.20j,3NaI.H20. 

Sugar heated to 160° melts to a colourless liquid; on cooling, the 
melted mass is at first clear a!id transparent, but in a little time it becomes 
crystalline and opique. At about 170° to 180° it loses water, and is said 
to be transformed into dextrose and levulosau; as the heat is increased, water 
is continually being lost, and more or less brown products are formed (see 
‘Caramel,’ p. 80). If sugar is fused with zinc chloride, a liquid is obtained 
which yields, on distillatiou, aldehyde, acetone, metacetone, formic acid, 
acetic acid, furfurol, and apparently mesityl oxide; carbon dioxide, carbon' 
oxide, and hydrocarbons are also formed; and tnere is also a sublimation 
of crystals of hexamethylbenzene, Cj(CH 3 ),. (Uppmaim.) 

Bromine, according to E. Reichaidt, transforms one-third of cane sugar 
into gluconic acid, one-third into glucose, and the remainder into gum. 

§ 68. AduUm-atum of Sugar. —Loaf sugar is, as a rule, chemically pure. 
It is probably, indeed, the purest food-substance in commerce, and a large 
quantity may be burnt up without obtaining a trace of nitrogen, and with¬ 
out leaving any residue. The only sugars that may be impure are the 
raw ’ sugars. 

* To this mixture of dextrose and levulose, the term ‘invert su^’ is ajndied, 
because the polarisation is the opposite of that of oaUe sugar; for, although gluooiw 
rotates to the right and levulose to the loft, yet the latter ie so much more active that 
the solution polarises to the left. 

* Stokes and Bodmer, Anedget, x., 62-86. 

* V. Uppmann, Ding. Fvly. J., coxxxvij., I 46 -I 8 S 4 
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7he adulterationg of sugar usually ^numerated are; Glucose or starch 
sugar, sugar of milk, dextrin, chalk, plaster, sand, and various species of 
'flour; few of these have been found of late years. A now adulteration is 
the colouring of sugars with yellow and yellow-brown aniline dyes; this 
is somewhat common. The detection is on the principles detail^ in the 
chapter on Colouring-matters. One of these dyed sugars is at once detected 
by moistening the sugar with hydrochloric acid; a red colour is immediately 
produced. I’hosphine is now often used (see p. 83). 

To detect glucose (dextrose) in the presence of other sugars, B. Bottger' 
mixes the solution with an equal quantity of carbonate of soda solution [1, ' 
of the salt to 3 of water], and then adds a little basic bismuth nitrate, 
boils, noticing whether there is any blackening, which is tiiken as an indica¬ 
tion of dextrose. 

E. Brucke has modified this method, so as to eliminate any blackening 
(which might occur from the sulphur in albuminous matters), by using 
potassium bismuth nitrate, which precipitates albumen. The reagent is 
made by dissolving basic bismuth nitrate in a hot solution of potassic 
iodide with the addition of hydrochloric acid. The albumen precipitated 
by the reagent is of course filtered off, and the filtrate is boiled. 

The simplest and best method, however, of detecting starch sugar when 
. mixed mechanically with cane sugar is undoubtedly tliat recommended by 
P. Casamajor.* The suspected sugar is thoroughly dried, and is then 
treated with methyl-alcohol which has been saturated with starch sugar. 
100 c.o. of methylic alcohol of 60° strength dissolves about 57 grms. of 
starch sugar, the 100 o.o. becoming in volume 133 c.o. Such a saturated 
solution dissolves cane sugar readily enougln but leaves starch sugar un¬ 
dissolved. After stirring the sugar in the methylic alcohol for airant two 
minutes, the residue is allowed to settle, and the clear solution decanted. 
The residue is now washed with the same solution, and after stirring and 
allowing the residue to settle again, if starch sugar were present there will 
remain a certain quantity of chalky white specks, accompanied by a fine. 
deposit of starch sugar. By collecting this on a filter, and washing rapidly 
with nearly absolute methyl, approximate qiumtitative results may be 
' obtained. 

The best method of detecting dextrin when mixed with sugar has been 
specially studied by Scheibler.^ He took a sugar which gave the following 


analysis:— 

Per cent. 

Water,.3’36 

Ash,.1-73 

Organic matter,.2‘33 

Sugar,.82'60 


and mixed this sugar with various proportions of dextrin—from 1 to 3 per 
eent.—and examined the behaviour of the sugar, both optically and 
chemically. The polarisation indicated the following amounts of .cane 
sngar:— 

O’O 0'6 I’O 2'0 3’0 per cent dextrin 

92-3 93-4 94*0 96-6 9S'3 „ sugar. 

Thus, a sugar adulterated with 3 per cent., if examined optically, would 

* Joum. far prakt. Gkm., bn., 482. 

* Wim Ahad. Set., 187S, S2. 

* Chemical Neem, 1380. 

* "The Sugar Csne,” 1871, p. 48%, 





iniMcate 96‘3 per cent of cane sugar ingtoad of, 92-6. On invemng 
sugar, there were great disorepanoios, quite enough to make even aq; 
inexperienced observer suspect something wrong. Thus with the same; 
imounts of dextrin, the pure sugar showmg, before inversion, 96‘3 per- 
sent, of sugar, and after inversion, 67‘0:— 



0-6 

fO 

20 

Direct, 

93-4 

94'0 

9.1-6 

Afti'V iuvOTBioa, 

80*4 

78-0 

73 1 


S'O per cent dextrine. 
9G’3 ,, sugar. 

« 7-0 „ 


It was no use to experiment beyond 3 per cent, because it was then 
mpoBsible to clarify llie solution by lead acetate sufficiently for the pur- 
joses of optical analysis. Scheiblcr summarised his results as follows: 
Dextrin may be detected by its thus raising the degree of rotation, by the 
;reat diffcren(ft of the results before and after inversion, by tlic blue colour 
t gives with iodine (although therp arc dextrius which, when added to 
nigar, may show this test imperfectly), by the impossibility of clarifying, 
jy lead acetate, the liquid should any amount be present, and lastly, by 
jartial separation of the dextrin by animal charcoal. 

Insoluble mineral matters, such as sand, present in low^class sugars as 
an impurity, may be readily detected by simple solution of the sugar and 
filtration. Gummy matters may also be separated by precipitation by 
alcohol in the way to be described in the article on ‘Tea’; minend 
matters, generally, may be detected in the ash. Beet sugars, and to a less 
degree cone sugars, will contain a large amount of potassio and sodic 
carbonates, arising from the decomposition of the citrates, malatos, oxalates,. 
etc. Beet sugars may also contain nitrates. Cane sugar leaves an ash 
containiag but little soda, with much more lime, magnesia, iron, and 
alumina. Thus, the following is the ash of raw cane and beet sugars, 
obtained in the following manner: All the mineral matters in the sulphuric 
acid residue of a large sugar factory were kept for a whole year, and 
analysed at the end of the year. Of course the carbonates, nitrates, and 
chlorides have all been .decomposed, and the analysis is true only with 
regard to the bases. 

Cane SaKU* Aih. Beet Sugar Adi. 


Potash, . . . . . 

Per cent. 
28-79 

Per cent 

34-19 

Soda, ..... 

•87 

11-12 

Lime. 

8-85 

3-00 

Magnesia, . . . . 

2-73 

•18 

Oiifles tif iron and alumininm, 

8-90 

•28 

Snlphuric acid [auhyd.], 

43-66 

48-86> 


Dividing each factor of the ash of the beet sugar by that of the cone, we 
get the following proportions for the bases; — 



(^ne. 

Beet. 

Potash, ..... 

1 

1-19 

Soda, ...... 

1 

12-78 

Lime, ...... 

. 1 

•41 

Magnesia,. 

1 

*06 

Oxiaes of iron and aluminium, 

1 

•04 


In other words, the potash is almost equal in the two ashes, but there is 
nearly thirteen times more soda in beet ash than in cane sugar ash; lime^ 
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magneiiia, and oxides of iron an^ aluminium are in very small quantities 
in beet sugar ash. 

An analysis of the ash of a Demerara cane sugar growing near the sea- 
ooast, by Dr. Wallace, is as follows:— 


Potosli, ..... 

Pot cent. 

. . 29-10 

Soda,. 

1-94 

Lime, ..... 

16-10 

Magnesia,. 

8-76 

SulphuHc anhvdi'ide, . 

23-76 

Phosphoric acid, 

6-69 

Cliloriiic,. 

4-16 

Carbon dioxide. 

4-06 

Iron peroxide. 

-66 

Alumina,. 

. . -66 

Silica,. 

12-34 

Deduct oxygenschlorine, . 

101-03 

-63 


100-10 


If sugar be ever adulterated by any of the starnhcs, so clumsy a fraud 
is readily detected by a microscopical examination, and the use of iodine 
to the residue obtained by dissolving the sugar in cold water, and then 
hltering. 

§ 69. B'M AncUi/sis of Sugar .—The full analysis of a raw sugar con¬ 
sists in:— 

1. Determination of the water driven off at a heat not exceeding 55“ 

to 60“ C. • 

2. An optical estimation before and after inversion. 

3. Titration with Fehling’s solution before and after inversion. 

4. Estimation of the organic acids by treating with sulphuric acid, and 
shaking up this acid extract in a separating funnel with ether, until it has 
dissolved out all the organic acids. 

5. Titration of the organic acids with d. n. soda or potash. 

6. Estimation of any insoluble matter, whether organic or inorganic. 

7. Estimation of the ash and its constituents. 

It may also be necessary to estimate the matten precipitated by basic 
lead acetate; it would be, however, quite sufficient for commercial, and, 
indeed, for most purposes, to merely estimate the percentage of cane sugar, 
fruit sugar (if present), water, and organic matter, or water and ash, as in 
the following analyses (Tables V. and VI.). 

The difference between. the totals and 100 would be returned as 
"unestimated matters and loss.” 

The methods of estimating the different kinds of sugar are fully con¬ 
sidered in the next section, and it only remains to detail the best methods 
of taking the ash of a sugar. 

There are two methods of taking the ash of sugar. 

The one is simply to burn the ash in the ordinary way in a platinum 
diiffi heated to redness in a current of air. In the case of all substances 
like sugar or starch, this method is very tedious, and without doubt there 
is some loss by volatilisation. Landoit' determined the amount of this 
volatilisation by a series of careful experiments, and gives the following 

* Laadolt, H,, Joum. farimiktisehe Ohem., oiii. Also, " SuRar Caue,” 1873. 
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TABLE V.—CoRmmoN of Ra'si Beetioot Sdoaks of Good Quautt. 



Cane 
Sugar. 
Per cent. 

Oiganio 
Matter. 
Per cent. 

Wate?. 

Percent. 

1. Clear liKlit mixed produet, . 

85-0 

1'6 

2'0 

2 . L4(ht mixed product, . 

98-0 

2'0 

,2-8 

S. Hdf white, Ist product, . . 

94-3 

2'3 

2-5 

4. Light mixed product, . 

93-5 

2'4 

3-8 

5. Light mixed product, . 

94 4 

8-1 

2-2 

6 . Half white, lat product. 

96T 

2-3 

3'4 

7. Clear white, let piuduct. 

92-0 

37 

2-8 

8 . Light mixed, Ist product, 

93-B 

3-0 

2-8 

9. Clear light mixed, Ist pr^uci, 

92-0 

2’3 

2-6 

10. Clear^ght,l8t product, 

11 , Clear Tight, Ist product, 

93-1 

8'3 

3-0 

940 

8-0 

2-9 

12. Clear yellow mixed product, . 

92 0 

3*0 

2-8 

13. Yellow mixed product, . 

92-0 

2-4 

3-5 

14. Clear yellow mixed pr^uct, . 

92-0 

.8-2 

3 1 

15. Clear yellow, iBt product, 

937 

2-6 

2-8 

16. Yellowish mixed iiroduct. 

91'8 

2-9 

3-6 

17. Yellow mixed pi*oduct, . 

93*0 

8-5 

27 

18, Yellow mixed jiroduct,. 

93-4 

2-9 

2-8 

19. Yellow mixed product, . 

93 0 

2-3 

29 

20. Yellowish product, , 

21 . Yellow mixed product, , 

93-0 

87 

8 1 

93-0 

3-8 

27 

22 . Lieht mixed prodnot, . 

91'6 

S'O 

3-0 

28, Ydlow mixed product, . 

907 

4-0 

4-3 

24. Yellow mixed product,. 

93-8 

2-1 

2-8 

25. Yellow mixed product, . 

g2‘5 

2-4 

SB 

26^ Yellowish mixed product, 

90-0 

4-3 

37 

27. Yellowisli brown, 2nd product, 

91-3 

57 

2-6 

28, Yellow, iBtpiuduct, 

92-4 

i'S 

2-6 

29. Yellow mixed, Ist product, • 

89-6 

4-0 

87 

so. Light yellow, 1st product, . 

81. Ymlow mixed product, . 

32. Brownish, 2nd product. 

92-0 

S9'8 

2-8 

4 3 

8-4 

S'8 

89-0 

6*3 

80 

83. Second product, .... 

87-0 

6-2 

47 


TABLE VI.— Some Analtses by Mb. Halse of Concbetes. 



Cane Sugar. 

Per cent. 

Uncryttallteed 

Sugar. 

Percent. 

Water. 

Per cent. 

Ash. 

Per cent. 

1 . 

87-20 

A'OO 

4-50 

1-88 

2 . 

89«60 

1-90 

5-60 

-86 

8 . 

90-20. 

19B , 

4d)8 

•99 

4. 

91-70 

8-30 

275 

•88 

E. 

87-00 

B-00 

4-72 

1-24 

6 . 

9570 

1-40 

1-58 

•86 

7. 

94-30 

1-70 

2-21 

176 

a. 

9^-60 

1-92 

270 

1-18 
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Table (VII.), which may bo used as a guide to the correction of the final 
weight of ihe ash. 


TABLE VII. 


Weight of 
ItMidue. 


Lors Itjr Heating after 


Half an Uonr. 

0„en„uv. 

Two Hoiira. 

/'•Ol irrnu 

•002 gnu. 

•004 grm. 

•006 grm. 

*008 grm 

/ -02 „ 

■002 .. 

•004 „ 

•007 „ 

•009 ,, 

•03 „ 

•002 ,, 

•006 „ 

•008 „ 

■010 „ 

■04 „ 

•003 „ 

•006 „ 

•009 ., 

•012 „ 

•06 „ 

•004 „ 

•007 „ 

•Oil „ 

•oiJ ,! 

•o« „ 

•004 „ 

•008 „ 

•013 „ 

•017 „ 

•07 „ 

•006 „ 

•010 „ 

•016 „ 

■019 ,. 

•08 „ 

•006 „ 

■010 „ 

•010 „ 

•020 „ 


A method recommended an<l practised hy Scheiblor was to moisten the 
ash with sulphuric acid, whereby the combustion is much hastened, and 
the bases, l)eing obtained as sulphates, approximate more nearly in weight 
to that of the organic salts naturally in the sugar, which in the other 
method are obtained as carbonates. It has also been proposed to precipi¬ 
tate the sugar with acetate of lead, and thus obtain the lead salts of the 
organic acids. The lead compounds are decomposed in the usual way, and 
the acids set free titrated by potash. The potash combination approximates 
somewhat more closely to the actual salts of the sugar. 

But the best of those methods which attempt to reconstruct from the 
ash the original salts, is probably that of Laugier, already described at 
p. 96. Laugier extracts the organic acids by ether, and then adds them to 
the ash, and evaporates them down with it. As to raw beet sugar ash, the 
experiments of Landolt appear to show that simply multiplying the pot- 
assic carbonate found by 2, gives the amount of organic salt from which it 
was derived.! His experiment was as followsTwo pounds of syrup were 
fully precipitated by lead acetate, then decomposed by SHj, and exactly 
neutralised by potash. The solution was next partly evajwrated, passed 
through animal charcoal, and dried. It gave the reactions of chlorine, and 
of oxalic, malic, and tartaric acids, with a trace of-sulphuric acid. Three 
separate portions were now carbonised, and the proportion for every one 
part of organic salt of carbonate of potash was—in experiment 1, 2*04; in 
experiment 2, 2’06; in experiment 3, 1*98; the mean of the throe being 
202 . 

§ 70. GVucoee, Dextrose, Dexlro-Glucom, Chape Sugar,^ CglljjOjHjO.— 
The specific rotatory power of glucose is 63°.® It is soluble in 100 parts of 

‘ ' 'Or if Scheibler’s process be followed, the sulphates of the slksUes msy be multiplied 

byl‘64. 

' Dextrose may be distinguished from maltose, lactose, or sucrose by Barfoed’s 
solution—Copper acetate, gmis.; acetic acid, 1 '2 c.c. of 60 per cent; water, 1000 

- ' o.a 6 0 . 0 . of the reagent and 6 c.o. of the solution, which must not contain more than 
... 2 mgms, of (be sugar, are heated in boiluig water for ten minntes; any redaction is due 
, to dextrose.— F. C. Henkel and Henry C. Sherman, /. Amer. Chtai . Soc ., 1907, 29, 

' [a]i> s 4 - 62'8 up to 15 (ler cent conoentratian; the rotation usually ocoeptm for the 

T n.as divisAri* J-S1.? * 
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cold water, and very soluble in boiling \rtitcr; it is soluble in glycerine, in 
about two parts of rectified spirit, and two of amylic alcohol; but it ie 
insoluble in ether and in chloroform. Dextrose is widely spread in the 
vegetable kingdom, but is never found unaccompanied by levulose. Dex¬ 
trose is artificially obtained by heating carbo-hydrates, such as starch or 
cane sugar, with acids; in the former cose, it is accompanied by dextrin, 
from which it is diflicult to purify it. The rotation increases with-the con¬ 
centration—this may be calculated for anhydrous glucose by the following 
formula, p being the per cent, of sugar in solution [aT2 = 52-50+ 0-01B8 
.p-t 0-000517 

The best way to obtain dextrose from cane sugar in a pure state is, 
according to Soxhlet, the following;—3 litres of 90 per cent, alcohol and 
120 c.c. of concentrated hydrochloric acid are made to act at 45' C. for two 
hours on 1 kite, of cane sugar. After ten days, crystals of dextrose form, 
when the liquid may be concentrated by distillation, and the crystals which 
have formed removed. In a few days, the whole of the dextrose will have 
been deposited as a white powder. The crystals are washed with 90 per 
cent, alcohol and with absolute alcohol, and ciystallised out of the purest 
methyl-alcohol. Crystallised grape sugar is in the form of little miisscs of 
six-sided tables, which melt at 86° C., and lose at 100' 0. their water of 
crystallisation. 

§ 71. Levulose (or Leruglucose) is isomeric with dextrose, but distin¬ 
guished from it by its action on a ray of polarised light which is turned to 
the loft, instead of to the right: for a 10 per cent, solution specific rotation 
at 17' C. is [(i]„ - 91-65, fct the rotation usually taken for the 3-86 divisor is 
- 93-7. It is obtained in company with dextrose when sugar is ‘ inverted ’ by 
the actibn of a dilute acid. To isolate levulose the acid must be got rid of; 
for example, if hydrochloric acid has been used, it is precipitated by silver 
solution; if sulphuric, by baryta water, etc. The solution of invert sugar 
must be alwut 10 per cent, strength. To every 100 o.o. 6 grms. of freshly 
burnt lime must be added, and the whole shakefi. By artificially cooling 
the solution with ice, a crystalline magma is obfaiined, and by filtration the 
more soluble dextrose lime-compound can be obtained from the less soluble- 
levulose lime-compound. The sugar thus obtained can be freed from lime 
by carbon dioxide. 

Levulose is uucrystallisable, but it has not been found possible to separate 
it entirely from the crystalline glucose, by crystallising the latter out of it. 
It presents when pure simply the characters of a colourless syrup. 

§ 72. Estimation of Oarbo-hydrates. —Cai-bo-hydrates in solution are 
estimated by English chemists by a combination of physical and chemical 
processes, that is to say, by determinations of the reducing power on certain 
solutions of copper salts, by the action of invertnse, of diastase, by a 
determination of the specific gravity and by observations by means of a 
polarimeter. 

(1.) Determination of the Cupric BMudng Pmoer. 

This is capable of great accuracy if the conditions of strength of, 
solutions, temperature, and time ore always maintained as nearly uniform 
as practicable. 

The standard solution of copper (Fehling) is made as follows:—34-5 grmiL;'| 
of copper sulphate afe dissolve in 500 o.o. of water, and the solution made;'; 
-iin fn 500 c.c. 173 firms, nf Uccbcllc salt fscdic-notassic tartratel and 3ff ' 
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gnns. of anhydrous soda are disSblved in water, and this solution also is 
made up to 500 c.c.; the two solutions ore kept 8C{)arate, but for use 
equal hulks are mixed together. It is imjmrtant never to vary these 
quantities, and in particidar to have the exact quantity of soda. 

A slight reduction takes plaee on heating this solution, which, in 
important dotemiinations, must be estimated; this reduction under the 
usual conditions is from 2-3 mgrms. CuO for every 60 c.c. of the Fehling 
solution used. 

The reduction of a reducing sugar must be so arranged that the 
resulting copper oxide lies between the values of 150 and 350 mgrmai 
that is to say, equal to from 60 to 120 mgrms. of dextrose. 

This knowledge can usually be obtained from the specific gravity of 
the solution (see p. 113), or. by a rough volumetric preliminary test. 

The process of reduction is performed as follows:—50 c.b. of Fehling’s 
solution are placed in a wide-mouthed fiask of 250 o.c. capacity, and 
immersed in boiling water. When the temperature of the copper solution 
continues stationary, an accurately weighed or measured solution of the 
sugar is added, and the whole made up to 100 c.c. with boiling distilled 
water. The heating is eontinued exactly twelve minutes. The precipitated 
copper oxide is now filtered off while hot, and the resulting cuprous oxide 
is converted into CuO at a red heat, or the copper oxide is reduced by 
hydrogen, and the copper weighed as such, or the copper oxide is dissolved 
in nitric acid and the copper deposited oloctrolytically. 

Most chemists filter the cuprous oxide through a small plug of asbestos 
pulp in a Soxhlet lube; others use a double filter paper. In the one case, 
however well washed the asbestos may be, it loses weight; in the other 
case, the copper in solution adheres in small quantity to the filter pi^er, and 
cannot be entirely washed out; if, however, blank experiments are made, 
this last source of error cau be allowed for, and on the whole an ashless 
filter paper is the more convenient. The filter is well washed with hot 
water, and then dried with its contents in a porcelain or platinum dish; 
when dry, the filter is slowly charred, then brought for some time to a 
' dull red heat, and finally heated to bright redness in a muffle or over a 
good Bunsen flame. If, however, the copper is to be determined electro- 
lytically, the filter may be destroyed rapidly and a solution made of the 
copper. 

. •" The use of any kind of filter may, however, be avoided by transferring 
fi i, ■ thf liquid to a special tube, and whkling in a centrifugal maebine. Tim 
i special tube is in two parts; the one an ordinary glass tube, the other a 
cone; this latter may be of glass, of porcelain, or of platinum; the two 
are connected by a sound caoutchouc joint. On wbirUiig, the precipitate 
collects in the cone. The supernatant fluid is syphon^ off, hot water 
added, and the operation repeated until the washing water gives no copper 
reaction. 

In order to estimate copper oxide by electrolysis, so that the copper is 
deposited as a coherent film on a platinum electrode or dish, the following 
conditions are necessary:— 

The copper oxide is dissolved by a known quantity of nitric acid, and 
the liquid diluted, so that the strength of nitric acid iti solution does not 
j-; . exceed 3 per cent. The solution is then electrolysed at from 20“ to 30° 0.; 

' the current density must not be more than from 0'6 to I'O ampere, and 
: the tension from 2'3-2'5 volts. The time taken for the deposition is 
. from four to five hours. | ^ 
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§ 73. The K and R Valuet. —■.O’Sullivan took dextrose as the type of 
reducing bodies, and used it as the standard to which all other reducing 
carbo-hydrates or mixtures of reducing with non-reducing ones were 
compared. He designated by the letter K the cupric oxide reduced by 
100 parts of a substance calculated as dextrose ; hence K 50 means that 
a substance has half the reducing power of dextrose. 

Just as K is the spcciHo reducing jwwer of a substance referred to 
dextrose as standard 100, so also the symbol K is used to denote the 
specillc cupric reducing power of a substance inferred to maltose as a 
.standard (100). 

Since, moreover, the strength of solutions is mostly determined by using 
as a divisor the specific gravity minus 1000, and the ordinary divisor for 
a 10 per cent, of cane sugar is 3‘8G, this divisor is used for most solutions 
of unknown v»luo; when this is done, then the factor is suflixod to K—thus 
If, on the other hand, the true divisor is used, as, for example, 
for particular solution of sugar or starch conversions as obtained from the 
curves in fig. 19 a, on page 114, then this is the absolute value, aud is 
designated as such or simply as E. 

To convert absolute valurai into 3‘86 values is easy. For example, 
1'371 gnu. of CuO is reduced by 1 grm. of alisolute maltose, that is maltose 
divided by the gravity as determined by the true divisor 3’92. Hence for 

3*86 

1 grm. of 3*86 maltose we have 1'371 x = 1'360 CuO. 


TABLE VIII.— Thk Cppmo Ekdooino Poweiis of Dextbose, LEViaosn, and 
Invert Sugar. Brown, Morris and Millar, Joum . Chem . Ihic . { Travs , ), Ixxi,, 281. 


i 

s 

1 

• 

D«xtroB(). 


Levulose. 

Inver! Sugar. 

C» 

grama. 

CaO 

grains. 

IIP 

SIS 

m 

On 

grama. 

CuO 

grama 

ill 

ig»S 

Cu 

grams. 

CuO 

grama. 

ill 

60 


0-1289 

2-578 

0-0923 

0*1166 

8*310 

0-0976 

0-1221 

2*442 


0-1134 

0*1422 

2-586 

0-1027 

0-1287 

2-341 


0-1349 

2*463 

I^ESl 

01238 

01662 

2-687 

01122 

0*1407 

2-846 

0*1170 

01474 

2*467 

65 

0*1342 

0-1682 

2-580 

0-1-216 

0*1624 

2*346 

0*1276 

0*1598 

2-469 

70 

0-1448 


2-686 

0-1812 

0*1646 

2 350 

0*1373 

0-1721 

2-469 

76 

0*1643 

0-1936 

2-8^1 

0*1406 

0-1761 

8 849 

0-1468 

0-1840 

2*464 

80 

0*1644 

0 2061 

2-677 

U'1600 

0-1881 

2*861 

0*1666 

0*1968 

2*464 

as 

0*1740 

0-2187 

2*672 


0*1993 

2-346 

0-1662 

0*2084 

2-461 

m 

0*1834 

0-22JW 

2*566 


0*2114 

2*840 

0-1766 

0*2200 

2*446 

fi'’. 

0*1980 

0*2420 

2-647 

0*1774 

0-2224 

S'341 

0-1848 

0-2317 

2-439 

100 

0-2027 

0*2638 

2-638 

0-1862 

0*2331 

8-381 

0-1941 

0-2430 

2-430 

106 

0*2123 


2*536 

0-ie52 

0-2447 

2-381 

0-2084 

0-2550 

2-420 

no 

0-2218 

0*2781 

2-628 

0-2040 

0-21158 

2*326 

O'SISS 

0-2068 

2*426 

116 

0*2313 

0-2900 

2-622 

0*2129 

■mia 

2 321 

0-S220 

0-2783 

2*420 

ISO 

0-2404 

0-3014 

2-612 

0*2316 

0*2777 

2-814 

0-2811 

0-2898 

2*416 

126 

0*2496 

0-3130 

2'60i 

0-2:K>3 

0-2887 

2*810 



2*407 

ISO 

0-2685 

0-3241 

2-408 

0-2890 

0-2997 


0*2489 

0-8121 

2-400 

1S6 

0*2676 

0-8864 

2-484 

0*2477 

0-8106 

2*300 

0-2678 

.0*8282 

2-394 

m 

0-2702 

0846S 

2-473 

0-2669 

0-82"9 

2*292 

0-2663 

0-3339 


146 

0-2860 

0*3578 

2*464 

0-2641 

0‘a-ni 

2-284 

0-2760 

0-3448 


150 

0-2084 

0*8673 

2*448 

0*2728 

0-3400 

2*273 

0-2832 

0*3546 


165 

0-3020 

0-8787 

2 443 

0-2805 

0-8617 

2-200 

0-2916 

0-3665 


160 

0-8108 

0-3891 • 

2*432 

0-2889 

0-3622 

2*264 

0-8002 



156 

0-3187 

0 8996 

2*422 

0-2972 

0-8726 

2-268 

0-3080 



170 

0-8268 


2 410 

0*3063 

0-3928 

2-262 

0-8167 

0-8071 

2-886 ! 

170 

0-8360 

0-4200 

mmtm 

0-8134 

0-3030 

2-246 

0-8261 

0-4076 


180 

0*8481 

0-4302 

2*890 

0*8216 

0*4032 

2*240 

0-3381 

0-4177 


185 

0-8608 

0-4899 

2*377 

0*8297 

0*4134 

2*284 

0 8410 

0-4276 

2*811 1 

160 

0-8690 


2-369 

0*8377 

0-4234 

2*228 

0-3490 

0-4876 


196 

0-8668 

0-4699 

8’1158 

0*8467 

0-4385 

2-223 

0-3670 

0-4476 

mSSM 


0-8746 

0-4689 

2-344 

0-8689 

0-4431 

2*216 

0-8666 

0-4670 

2*285 

205 

0-882S 

0-4792 ' 

2-338 

0-8616 

0-46S4 

8*a.i 

0-8726 

0-4672 

2*279 „ 
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The Cyanide Copper Process i gives a fairly accurate estimation of 
reducing sugars, and is performed as followsTo 30 c.c. of Folding (or, as 
it is better to keep the solutions separate, to 10 o.o. of copper sulphate 
solution of Fehliug’s strength, to which 10 o.o. of the alkaline tartrate are 
add^), add 40 c.c. of water in a porcelain dish, and heat to boiling; while 
boiling, drop in from a burette a 6 per cent, solution of potassic cyanide 
until there is only the faintest blue colour observable—now add a second 
20 C.C. of Fehliiig, and heat to boiling, and, while boiling, drop in the 
E^lution of sugar from a burette until complete docolorisation. The 
liquid should be standardised by solutions of 0’5 per cent., TO per cent., 
and 2 per cent, of the various reducing sugars. 

Mr. W. A. Rogers lias made a number of determinations of lactose in 
milk by the copper cyanide process in our laboratory, and has observed 
that, when the end of the reaction is nearly reached, it is neuessary to add 
the sugar solution very carefully, since the addition of any excess of tlie 

DlVISOSS rOK 0AUBO-HYDJ'ArE3 AT VAIlIOtlS De.\-sitiks. 


Specific (iiiAviTV at 0. 



latter, more than necessary to just decolorise the solution, produces a 
green colour which may rather easily be mistaken for the faint blue which 
precedes the end of the reaction. In making a number of determinations, 
it is also advisable to allow the same length of time (say a minute) to elapse 
between the addition of the portions of the sugar solution; otherwise 
etriotly comparative results may not be obtained. 

(2.) Dr. Pavy’s I*roeese. 

An excellent method of determining sugar has been invented by Dr. 
Pavy.* The principle of the process depends on the decolorisation of an 
Smmoniacal copper solution by glucose in the absence of air. 

The copper solution is made by dissolving 20-4 grms. of potassic sodic 
tartrate and 20 4 grms. of caustic potash in 200 c.o. of water; in another 
200 C.O., 4-158 grms. of cupric sulphate are dissolved by the aid of heat, 
‘ Oerrard, Pharm. series, xxv„ 912. « Laneel, 1884. 
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and the two solutions are mixed togeth%r ; when cold, 300 c.c. of strong 
ammonia (sp. gr. '880) are added, and the whole made up to 1 litre with 
water. 10 c.a of this liquid diluted to 20 c.c. with water equals 5 mgrms. 
of glucose. 

To make the estimation, 10 c.c. of the ammonia copper solution are 
placed in a flask with a rather wide mouth, an equal bulk of water is added, 
and a good caoutchouc stopper having two perforations is fitted to the 
neck of the flask; through one of the holes is adapted air-tight the conical 
end of a burette, having either a giass stopcock or a clip; while the other 
.hole carries a bent tube for the exit of the vapour. Tlie sugar solution is 
placed iu the burette. Heat is now applied to the flask, and when the 
liquid is boiling violently the sugar solution is run in slowly, after each 
addition boiling up; the blue colour fades gradually, aud the end reaction 
is the complete absence of blue colour. 


TABLE IX.—Siiowisn tub amoust ok Siioab bxkbbssko in Pacts by 
WE ionr TEB 1000 by VoanMii coanEsimiUNo with e.e. in IOthh 
BEQCIBE l) TO llECOI-OlUSE 10 0 0. OF THE AMMONIATED OoPI'EB TeST. 


I’.c. to 
Decoloi'lse. 

j»er 

lOOOof 

Co. to 
Decolorise. 

Farts Iter 
1000 of 

Cti. to 
DticuloriBC. 

Birtoper 
KiUOof 8ugBr. 

60 

•833 

7-4 

■673 

8^8 

•568 

61 

•819 

7'5 

■681 

8^9 

•661 

6*2 

•806 

7'6 

•658 

9*0 

•555 

6*6 

798 

77 

•646 

9-1 

■649 

6-4 

781 

7-8 

'638 

9’2 

■643 

•6'5 

769 

7-9 

■631 

9^3 

■537 

6 6 

767 

8-0 

625 

94. 

■631 

67 

746 

8-1 

•617 

9^6 

■620 

8'8 

7.86 

8-2 

•609 

9*6 

■620 

6-9 

724 

8-3 

•602 

97 

•616 

7'0 

714 

8’4 

■696 

9^8 

■610 

7-1 

70S 

8'5 

•588 

99 

■606 

7'2 

■691 

8*6 

■681 

10 ■o 

■600 

7'3 

•681 

87 

■674 

lO^l 

•496 


The authors use a modification of the process invented by Mr. 
Stillingficet Johnson. The caoutchouc stopper is perforated by three 
holes instead of two; the third is for a tube which dips beneath the surface 
of the copper solution, and is closed or opened at pleasure by means of a 
short bit of india-rubber tubing adapted to the mr-end of the tube and 
furnished with a clip; the second tube, for the outrushmg ammonia vapour 
and steam, is also furnished with an india-rubber tube, the end of which 
dips under the surface of a considerable bulk of acidulated water, aud is 
furmshed with a Bunsen valve to prevent ary back-rush. The use of the 
latter tube is, of course, to condense the ammonia-vapour, so that the 
operator is not inconvenienced. The use of the extra tube is to more 
accurately hit the end' reaction—to do this, directly the decolorisation of 
the copper solution is complete, the flame is removed and the oUp opened; 
as the flask cools, air passes in a stream of Imbblos through the liquid; if 
the point has been exactly reached, the blue colour reappears after a very 
few seconds, but if, on the contrary, too much sugar solution should be 
run in, a longer time elapses.! By standardising the copper solution by 
1 It has been proposed to exclude the ah by a layer paraffin of high boilmg point 
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pure glucose, and working so thut after complete decolorisation a certain 
number of seconds elapse, before the blue colour reappears, and taking 
with unknown solutions the same number of sooonds, a high degree of 
accuracy is attainable. It is, of course, obvious that the sugar solution to 
be tested must bo very dilute—viz., from '4 to '8 per 1000. A 
preliminary experiment must first be made, and then the solution so 
diluted that from 6 to 10 c.c. are reipiired to decolorise 10 of aiuiuoniaeal 
copper. 

The foregoing table, taken from Dr. Pavy’s original jmper, may be 
useful. 


(3.) Phyniccd Procmen for the Ddernrimtiun of Sugar. 

The saocharimeters in use are numen)us; for tlio food analyst, the 
moat useful are the larger instruments, which admit of the use of ttibes 
up to 600 mm., for in tliis way, and in this way only, can solutions con¬ 
taining 0 5 per mil. of sugfir Ije 
physicidly estimated. MiUsdierlMi't 
polariseope (see fig. 20) consists of a 
stivtionary Nicol’s prism in a, a plano¬ 
convex lens in b, and a rotating 
Nieol’s prism c. The first prism 
polarises the light, aud the use of the 
second is to indicate the plane of the 
polarised ray coming from the first. 
The second prism is therefore set in 
a graduated circle, d d, and- is pro¬ 
vided with an index, /, and tliere is a 
handle, e, which turns both prism and 
index. If the index be either at 0” 
or 180”, and an obsen’er look 
through the tubes towards the 
source of light, the flame is seen 
divided by a vertical line into two 
equal parts; if now the tube, sup¬ 
plied with the instrument, bo filM 
with the liquid to be examined, and 
interposed between the lens and the 
second prism, should it contain sugar or other polarising substance, the 
black stripe is no longer in the middle of the field, and the handle moving 
the index and prism must be turned until the bbtek stripe is seen; or, if 
the stripe is broad and undefined, the prism is turned until the exact point 
is reached in which blue changes into red—the index at this point marking 
the amount of the polarisation by the scale and the direction; for if the 
index has to be turned to the right, the polarisation is +, or right-handed; 
if to the left -, or left-handed. 

In order to make this quantitative, and to estimate the specific rotaMan 
of a sugar (t.e., the number of degrees of rotation observed when I grm. of 
the sugar is dissolved in I c.c. of fluid and observed by yellow light through 
a tube 1 decimetre long), it is necessary to dissolve a known weight of the 
pure sugar in water; then if the len^h of the tube be known, and the 
temperature of the seflution and the rotation be observed, all the necessary 
data are oVained. For ei^ple, let the rotations:a, the length of the 



Fio. 20. 
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tube in decimetres=1, the weight of subutanoe in 1 c.c. of fluid= ij, then 
the specific rotation for yellow light— 


= + -^ or {a)j + — 

}‘l ' " pi 

Provided there lie only one sugar in the fluid under investigation, the 
specific rotation of which is known, the weight of the sugar in 1 0 0 . of the 

fluid is estimated by tlie following formula: where a equals the 

observed, and (a) the specific rotation. It is convefflont to take the 
reciprocal of (o) = r, then the formula for 1 decimetre tube is simply 
rxa, For example, taking the sp. rotatory power of cane sugar as 6fi’5, 

then the recii*ocal = = 1 -004, and an angular deviation of 2“ would 

00 t) 

oqiml 3 per cent, of sugar, for 2 x 1-504 = 3'008, or, if the 200 mm. tube is 
taken, the reciprocal is *75, the polarisation would, in such a case, ho 4*, and 
4 X *75 « 3*0. 


-Showing thk Rotatory Power op the Carbo-hydrates. 


Divigor t(i get 
gi'tng. per 

l«) C.C. 


Bpeciflo Rotatory Power 
(alffiolute). 


• 

D. 

['ll)). 

Di'xtriu, 

3'»5 

+ 198'8° 

Siici’osc, 

3-85 

+ 68 5 

Maltose, 

3-92 

+ 138-0 

IjactosojaiihviM. . 

3'99 

+ 66-i 

hactoso (cryst), . 

3-99 

+ 52-6 

Dextrose, . , 

8’83 

+ f»l’3 

Levulosc, 

3-93 

- 95*4 

Invert sugar, 

3-88 

- 22-0 


Rpfciflc Rotatory 
i^iwvr reduced 
to tlio Common 
Dlvlgur, S’Sti. 



The readings may be converted into {a)j by simply multiplying by the 
factor rill; thus the reading for (a)^, dextrose x I’lll equals 66’9, or prao- 
tioally 57 * If the si)eoifio rotatory j)owor given is to bo reduced to the 
wmmon divisor 3-86 this is eflected by dividing the given number in Table X. 
by the factor in column headed D and multiplying by 3-86. Thus, it 61-3 

be taken as the absolute optical activity of dextrose, then 
+ 61 *7° 

Saecharimet&r (see Plate) consisti of three essential parts, two of 
which are fixed (fig. 1), AB and CD, the other movable, which is inserted 


* The factor I’lll ia not absolutely correct'for all suj^rs and conceutrationa. 
Blown, Moms, and Millar (i/bara. Ch4inu Soc* 1897* 93) give the following 

factors for converting [a]^ Biot into [a^ o © 


Cane sugar, . 

Per cent. 

. 10 

Faetjr. 

1-107 

Dextrose, 

Porwmt 

. 5 

Footer. 

1-111 

Maltose, 

■ .10 

1-113 

Stsrob produots, 

>> 

. 10 

1-111 

Dextrose, 

. 5 

. 10 

1-111 

1-115 

3 

1-111 
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between B and C. Somctimea'the tube BC, 20 oentimetres long rBe. 2^ 
and sometimes the tube B'C' (lig. 3), 22 centimetres long, furnished witi 
a thermometer, T. These tulies are destined to contain the sacchatim 
solutions, the value of which is to bo determined. 

• The movable parts are— 

“’^"8 ““ which focuses bj 

of the indtstor!’'^ ^ *•“* ‘he iscn 

" C-fr -'»'h » rondc«i 

Ai?iS'.tst''s?isai.‘‘' ‘i. ‘I- ™i-> !i™j 0. 

.are as follows ;_The lamp is adjusted so 
toat Its light traverses the axia A tube similar to that which contains 
the saccharine solution is filled with pure water, and is adjusted in the 
place provided for it between the ocular and objective portion. Then 
• applying the eye at B (Hg. 1), the tube BD' is either pushed out or in, 
until the field is seen divided into two equal halves, coloured with one and 
the same tint, or two different tints sejiarated from each other by a black 

two halMiws have not the same tint or shade, tlie largo ho^ontal button 
II IS turned either way until the desired result is obtained 

It IS not only necessary that the two halMisos should have the same tint 

MnsflTe'ji!’!! ‘hat tint should be the one most 

senable to the eye of the observer; and as all eyes are not equall/sensible 
to the same tmt, tho proper colour must bo found by experiment 
the indicX T « *he seal® must coincide exactly with the black lino of 

coreoidenoe is not perfect, it may be 
MTOmpltahed^^ button V until this is 

commenced**^*"*"* °nce adjusted, the examination of the sugar may be 

*be saccharine solution, is substituted for that 
miea with water, or if an mvcrlod sugar is taken, then B'C' is filled On 
i»w looking through the instrument, it is seen that uniformity of tint no 

Thrunifo™!^”^ coloured by different shades. 

^ M re-establish^ by turning the large horiaontal button H 
tmtil the two balf-diBcs are agam uniform. 

solution is mostly oolonred, the uniform tint re- 
^Wished IS not in general the sensiUe tint to which, however, it is 
necessaiy to wturo, and which the colour of the solutiwi has caused to disan- 
pear. lie milled head B ia «*en turned to cause the teuiek tint to ^ 
•ppear j this tint re^ed, the equriity of shade of .the two hdf-disos, if not 

to 1 ^ tdie degiw on «ie scale EB', to whidi the ihdei auswras- Qie 
Mmber wne^ding to this degree gives immediately in lOOths the W. 
«r t^nohness <rf the^ution. jwvided the nonnal w«^t has been dissol^ 

Prep“*tion of the taochanne solutions is as follows •_ 

Stigar.^U-26 grms. of'jmre sugir «e 
1 W C.O., and obs^^tube 

»<«». to length; maitojl^JO degrees on the saodwBineter. 
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(2.) The Bate Sugar of Commeree.-A6-26 gms. rf the sugar are 
powdered and dissolved in water, and the whole made up to 100 c.o.; if the 
solution is too dark, it may be clarified by sugar of lead. The tube is 
filled with the solution thus prepared and adjusted. 

(3.) The next operation is to invert the sugar. 6 c.o. (rf faming HO 
are added to 60 o.c. of the sugar solution, and heated in the water-bath up 
temperature is reached, the solution is put in the tube 
Bu, its rotatmg power (which is now inverse) observed, and at the same 
I time the temperature at the moment of the observation. 

. Inversion of Cane Sugar by Invertaee .—It is recommended in all cases 
in which other sugars, inulins, starches and glucosides are present to invert 
with invertase, because inversion by acids also acts upon the bodies 
mentioned. The only sugars invert^ by invertase, besides cane sugar, 
are raffinose airf gontianose, both of which bodies can easily be detected 
by their optical properties. 

Invertase may be prepared ^ by allowing brewers’yeast to liquefy; this 
it does if kept at ordinary temperatures for a month or longer; the liquid 
filtered through a cloth has high hydrolytic power. Invertase may be pre¬ 
cipitated by alcohol with some loss of activity. E. Bourquelot’ shakes a^ 
fermentation yeast with 96 per cent, alcohol, allows the mixture to stand for 
thirty minutes, drains off the liquid and dries the residue at 30”. One grm. 
of this product, triturated with 100 o.c. of water, saturated with th^ol 
and lilted, yields an active solution preserving its properties for a week. 

To invert with invertase a small quantity is added to the liquid, which 
must be slightly acid and contain no alcohol The liquid is then kept at 
60” C. forthree to five hours. The liquid is then heated to 100” C. to destroy 
the inveftase, and its polarimetrio and reducing properties investigated, 
lust^ of invertase, a small quantity of yeast may be added direct, and the 
liquid kept, as before, at 50” for some hours. From the polarimetrio readings 
befwe and after inversion, the amount of sugar may be readily found by 
tables, such as those of M. Clerget, or by the formula as Mow. 

Supposing the number given by the first observation is 76, by the 
second (inverted) 21, at a temperature of 12” C., the sum of the two numbers 
(75 -P21) makes 96. Now, on referring to M. Clerget’s table, under 12”, 
or in the third column corresponding to the temperature of 12”, the nearest' 
number to 96 is iu this instance 96-6; the horisontal line in which 96-8 Is 
placed is followed, and there is found, first, in the column A, the figures 
70 per cent, of pure oi^Btalline sugar; secondly, in the column B, the 
fibres 114-46, placed by the side of 70, which indicates that the saccharine 
solution examined contains per -litre 114-46 grms. of pure sugar. It 
however, as sometimes happens, tbq solution contains a polarising robstance' 
not modified by acids, in such a case the difference of the two numbera, and 
not thesum, is to be takenand dealt wilii as before. It is sowoely necessary ^ 
to vsRiMrk, that if the substance is known to "contain oidy omtsUisabie ® 
sugar, and the tube BP.be filled, one observation alone suffices. 

If tables are not at hand, the following formula can be usedLot T 
be the temperature, S the sum or difference of the two determinations, P 
the rotatory power, B the quantity of si^ar cont^ned in 1 litre d the - 
solution:— . 
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Profiitsnr Jdlett'e insirummt is a little more elaborate than Soleil’s, 
and of great accuracy. The eyepiece or analyser of the apparatus consists 
of a suitably mounted prism, made from a rhombic prism of Iceland spar. 
The rhombic prism is cut by two planes porpendiculat to the longitudinal 
edges, so as to form a right prism. The prism is next divided by a plane 
parallel to the edge just produced, and making a small angle with the 
longer diagonal of the biso. One of the two parts into which the prism 
is thus divided is then reversed, so as to place the base uppermost, and 
the two j)arts are connected together. ^ 

Another distinctive feature of the instrument is, that the mechanical 
rotation of the analyser for the finding of any particular j)lano is dispensed 
with, this function being transferred to a fluid which has the power of 
turning the plane of polarisation opixmite to that of the solution to be 
examined. Tho analysing tube slips into, and moves up and down in, tho 
compensating fluid, so that different thicknesses of the latter fluid can be 
readily interposed and measured by a scale fixed to the instrument. 

77te Saccliarimetre d Penomim's, of which the principle was enunciated 
by M. Jellet, as constnicted by M. JIuboscq, has some very great ad¬ 
vantages. It roquircs the employment of a simple light, and the field 
does not present to tho eye for comj)arison two different colours, but two 
intensities, sensibly diverse, of one and the same colour, so that the least 
variation can be appreciated. Tho simple light is best obtained by the in¬ 
sertion of a bead of some salt of soda on a platinum wire in the flame of a 
Bunsen burner. Landolt’s with I.ippich’s polariser and laiurent’s half-slaidow 
are all excellent instruments, and suitable for tho purposes of tho analyst. 

The polarising instruments in use are in France, Txinrent’s half-shadow, 
and in Germany lauidolt’s as constructed in numerous varieties by Schmidt 
and Ilaensch; in this country, probably, the latter class of instrument is 
tho most common. Lippich has invented an instrument in which the 
visual field is divided into three parts; this is effected by placing behind 
a large Nicol prism two half prisms symmetrically disposed; one of the half 
prisms is fixed, the other can bo rotated (Zeit f. Ltdrwmenthmde, 
1894, xiv. 320). Tho saccharimetor scales are not identical. In the 
German instruments, the normal weight of sugar is 2C'048 grms. in 
100 c.c. of water at 17'6—in the modern French instruments 16'35 ; some 
instruments, e.g., Laurent, have angular degrees and sugar divisions 
marked on the same circular disc. The analyst, who has to assay sugar, 
fipds sugar divisions convenient, but the public analyst has more frequently 
to estimate the percentage of sugar in solution than to assay the sugar. 

As a rule, the most frequent determination is the percentage of cane or 
other sugars in a liquid; it is useful, therefore, to give tho following 
ielations:— 

Valuks or PoiABisreo Instbuhents. 



Suxor Heale 

1 IMviflion 

Angular 

Angular 

Dtigreea 

Cane Sunr 
uorrasponaliig 
to 1 IMviiiton. 

German lostrunuos; Schmidt and 
Haensoh, Ventzir'n.heiber, etc., . 

1 

•3468 

•3840 

•26048 

Solefl DubosCT, .... 

1 

•2178 

•2408 

•1836 

wad, ... . . 

1 

•1331 

•1473 

•10 

Laurent, . ' • . . 

1 

•2167 

•2399 

•1627 
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Polarising instruments may be standarSised by plates of quartz, accur¬ 
ately ground, of known thickness. The amount of right- or left-handed 
rotation of 1 nun. quartz for [o]b is 21‘67°, for [a], is 24'. 


CONFECTIONBIIY,—SwEBTMKATB. 

§ 74. It would take many pages to describe tlio composition of the 
4 various kinds of sweetmeats in commerce: the basis af all is either cane 
or grape sugar, or honey, flavoured witli appropriate essenees, and coloured 
witli various colouring-mattei's. A groat many common sweetmeats have 
a most definite composition, and it is evident that a deviation from the 
ordinary process of manufacture, if it should take the form of sub¬ 
stituting inferior articles for, or the addition of matters giving weight to, 
that which is ordinarily sold, would Ije an adulteration. As an example, 

‘jreppermiut lozenges,’ or ‘peppermint drops,’ are composed of .ilbumen, 
cane sugar, and oil of peppermint. None of these ingredients have any 
amount of mineral matter, and peppermint lozenges, when burnt, do not 
leave as much as ‘2 )ier cent, of ash. Since they arc sold by weight it is 
easy to adulterate them by mineral substances; but such an addition 
would be most decidedly fraudulent, and the analyst may justly certify 
accordingly. 

A large proportion of the common sweets contain nothing else besides 
sugar, for the manufacturer, by careful heating, is able to impart a quite 
surprising scale of colouis, from the purest white to fawn colour, straw 
colour, radish-brown, brown to almost a jot black, by this process alone. 

StTGAfl-CANiiT is simply crystals of sugar obtained in a particular way, 
and is of all colours—from the white candy, largely essed for the manu¬ 
facture of artificial champagne, to all shades of yellow and red. As 
usually manufactured, the purified sugar solution is concentrated to a 
specific gravity of 1’420 to 1'450, and then run into copper cones, tlmiugh 
which arc passed a number of threads; these cones are heated with warm 
air, and the crystallisatiou occupies as much as from eight to fourteen 
days. The composition of white candy, made from pure loaf-sugar, is as 


follows:— 

Per cent. 

Ci-ystallissble sugar,.80’OO 

Unoiystallissblo sugar,.Traces. 

Ash,.O'O 

Water,.20'00 


The coloured candies may contain some mineral matter, and a good 
deal of unorystallisable sugar; copper may, as an imparity, be present. 


Compoaiiion of SwetmeaU ChneraUy, 

Toppt. —Toffy is made by melting sugar with bii^|if. The latter sub¬ 
stance is readily extracted by ether and other fat solvents. 

The ice-coaling of cdket is composed of white sugar and albumen. 
Maizipan is inade with sugar and almond pasta 
A great many sweets are acidulated with citric acid, and a few have 
cavities within them, Opposed to contain alcohol, but more o^n a little 
svrutt Gum tragacanth, citric acid, fruit sugai^chocolatc, gelatin, albumen, 
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fatty and flavouring matters, with the following colouring-matters, make 
up the ingredients of tlie ooufeetioiier’s shop:— 

fieii.—Cochineal, the juice of beet and of red berries, such as cherries, 
currants, and others. Kliodamiuc (French cream pink). Concentrated 
pink, which is a mixture of rosaniline hydrochlorate, with milk sugar, or 
starch. Fuchsino. Rhodites, which is the hydrochlorate of the phthalcin of 
di-ethyl-meta-amido-phenol. Cherry red, which is the sodium salt of tetra- 
iod-fluorescein. Ponceau red (Biebrich or crocein scarlet). 

Yellow. —Saifixin, safflower, turmeric, marigold, Persian berries. Saffron, 
yellow, which is the sodium salt of amido azo-benzene sulphonic acid. 
Primrose yellow (aiuamine). Imperial yellow (ammonium or sodium salt 
of hexa-nitro-di-pheuylamine). Citron orange (sodium salt of xyleno- 
sul])houio acid- azo-j3-naphthol). 

Him ami Violet. —Indigo, litmus, heliotrope (Hofmaim’s violet); also 
mi.xturos of Hofmann’s violet are sold under the name of ‘ lavender ’ and 
‘damsun blue.’ 

Green. —Spinach juice and mixtures of yellow colours with blue. 

Itlack. —Chinese ink, aniline blacks and browns.* 

Analysis of Sweetiruiats. 

§ 75. 'I'lic analyst will natimtlly first turn bis attention to the percent¬ 
age of sugar, and estimate the total amount in the usual way; and, if 
necessary, investigate by optical and chemical moans, whether there is 
mure than one kind of sugar present. The essential oils may be dissolved 
out by petroleum ether, and identified by their odour; but the colouring- 
matter will, for the most part, be the chief substance necessary ts examine. 
If the colouring is only on the external surfiice, it is better to detach it by 
scraping or rasping than to powder the whole substance up, for if the 
colour is carefully detached as pure as possible, tests may sometimes be 
directly applied without any further trouble. The colour by treatment 
with alcohol, with water, and with bleaching powder, is quickly referred 
either to the organic or to the inorganic division of chemical substances. 
With regard to organie colours generally, the reader may consult the 
sections treating of ‘Colour,’ where full directions are given for their 
identification. If, howeiver, the colour is apparently inorganic, then the 
following substances may bo particularly tested for;— 

Among BBD colours— iron; 

„ iBLWWs —ehromaie of barium, and lead .compounds, arsenic and 

antinumy; 

„ GB8BN— arsenic, copper; 

„ BLUE —Prussian blue ; 

„ vmts—sulphate of baritm, sails of tine. 

A weighed portion of the scrapod-ofi' colouring-matter is burned to an 
ash, which is dissolved in hydrochloric acid, and tested with hydric 
sulphide, after adding just sufficient soda to so neutralise the acid as to 
, leave only a sliglAj^oeBs. Under these circumstances, lead, copper, or 
cioo, if present, w be precipitated; while, if it is strongly acid, zinc 
would remain almost entirely m solution. Ammonium hydrosulphide is 
next added to the solution, which has been boiled and filtered from any 

‘ Some of th« colours referred to are token from Mr. Boseley*8 list of “ Colouring 
Matters used in Confectionery."—Apjiendix to Keiiort of Departmental Committee os 
the use of Preservatives and Colj^nring-Matters, 1901. 



HONEY. 




-a 

precipitate ; this reagent will throw down iron, manganese, etc. To test 
for chromium, it is best to boil the colouring-matter with a solution of 
carbonate of potassium, when potassic chromate will be formed, which 
gives, in neutral solutions, a purplish precipitate with nitrate of silver. 
Barium is easily detected by fusing the asli with carbonate of soda, 
powdering the mass in a mortar, lixiviating with hot water, and treating 
the insoluble portion left with hydrochloric acid, and to the acid solution 
adding a little bydric sulphate; a heavy characteristic precipitate of 
barium sulphate is thrown down. If barium is present, it may exist with 
* evidences of chromium, in which case, in all probability, the colouring- 
matter was chromate of barium, or if the sweetmeat is not coloured by 
barium chromate, baryta sulphate may have been added simply to give 
weight. Arsenic is tested for as more fully described pod, but a 
preliminary treatment by Eeiusch’s tost will give evidence of presence 
or absence of arsenic or antimony. Copper is also best detected by 
electrolysis, the substance being placed in a platinum dish, acidified, and 
then a rod of zinc inserted; or, the neater plan of connecting the dish 
itself with a battery may, where appliances are at liaud, l)C preferred. 


Honev. 

§ 76. Commercial honey is the saccharine matter collected and stored 
by one particular species of bee (Ajres melHJica); but the production of 
honey is by no means limited to the bee, for there is a honey-ant' in 
Mexico, which stores a nearly pure syrup of uncrystallised sugar. This is 
slightly acid in reaction, and reduces salts of silver like formic acid.® 

From determinations of the amount of saccharine matter in different 
flowers, it has been calculated that to make 1 kilogramme of honey, the 
bees must visit from 200,000 to 500,000 flowers. * 

A wasp of tropical America is said to yield a honey in which are found 
crystals of cane sugar, but the evidence as to this latter point is not 
decisive.® A curious sample of honey has been analysed by A, Villiers.® 
It was derived from Kthiopia, and is the produce of an insect resembling 
a large mosquito, which, like our wasp, makes its nest in cavities in the 
ground. It secretes no wax. The natives call the honey ‘tazma,’ and 
ascribe to it medicinal virtues, especially using it as a cure for sore throat. 
Its composition is as follows:— 

Per cent. 


Water,.26'5 

Fermentable sugai (levufoso with a sixth of glucose in excess), 82'0 

Msnnito,.8‘0 

Dextrin,.27'9 

Ash, ..2-6 

Loss and nnestimated,. 9-1 


The honey contained a uon-nitrogenous bitter principle. 

The essential constituent of honey is a mixture of dextrose and 
levulose; it also contains mannite, wax, formic and other organic acids, 
pollen, not unfrequentjy alkaloidal and bitter principles from the plants, 

* The Mynutcee^dta Uexicanua. There are two kinds of workers—one the active 
form, the other sedentary—which produce the honey. The latter is the larger, and has 
a tumid abdomen; it never quits the nest. The honey is discharged mto proi>er 
receptacles, and from it the Mexicans make a pleasant drink. 

* H. Marsten, Vogg. 660. 

s G. M. Wetherell, 0/isdi. ffoa., 1868, 72. 

< Compf. iteid,, Ixixvin., 292, 288. 
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possibly derived from the poUoii, small quantities of eane sugar, of 
mineral matter, and invariably minute quantities of aloohoL 
The properties of dextrose and levulose have been already described. 
The other saccharine constituent of honey—mannito, —crystallises 

in four-sided prisms, is soluble in 80 jiarte of alcohol of specific gravity 
0‘898, and in 1400 parts of absolute alcohol; lu boiling alcohol it is more 
soluble, but in ether it is quite insoluble, and may bo precipitated from 
alcoholic solution by ether. It has no action on polarised light. Its melt¬ 
ing point is from IfiO' to 166” C.; at 200° C. it boils, and may bo distilled, 
a portion Ixjing decomposed; at higher temperatures it carbonises. It doq? 
not reduce cuprous oxide. All these properties readily distinguish it from 
the other sugars. Chemically speaking, mnnuite is a hoxatomic alcohol. 
Mannito may be separated from honey by Imiling a weiglied quantity of 
the honey witli alcohol, evaporating down the alcoholic extract to dryness, 
and boiling this extract with absolute alcohol, concentrating the alcohol 
solution, and precipitating with other. 

Dr. Brown has published some analyses of honey, in which the different 
sugars have been identified; tlie general results of six of his samples may 


be thus stated 

Per ecut. 

Water (exjielled at 100"l,.18'07 

Water expelled at a niiioh higher tcmpnratnroan l loss, . 7’99 

Lovnlosc, . .88'22 

Dextrose. 87'58 

Ash,.‘14 


lOO'OO 

The chief results of twenty-five analyses made by Mr. Hchnert’ of honey 
believed to bo genuine, are as follows:— 



Mean of the twenty- 
tivc siimples. 
Per cent. 

Maximum. 
Per cent. 

Minimum. 

Percent. 

Mnistore, 

. • » . . 

18-8 

23-04 

16-09 

GhiC(»e, 

..... 

67-86 

76-34 

61-42 

Oiirereiice, 
"5 - $ . 

Oliicoeo after fenneuta- 

lS-86 

19-17 

8'48 

Pi P'pssS? 

.S « 9 S 

tion, 

Total solids after for- 

1-24 

2-36 

nil. 

A z [ meutation, 

In five of the twenfy-“fiye sampleB, 
polarisaidon .... 
In one sample, polarisation. 

In one sample very crystalline, . 
In the remaining eighteen, . 

6-04 

= + ^’ 

= -11“ 

= • 0 

7-67 

4-30 


Five samples which wore considered adulterated yielded the following 


values:— 

Moisture,.... 
Oluoose, .... 
Difference, 

Qlucose after inversion, 

10 ])er cent, solution polarises 
Qlucose after fermentation. 
Total saUda after fermentation, 
Diffmenoe, . . . . 

10 per cent, solution polarises 
after ferme.atation. 


1. a 3. 4. 3. 

17'64 18 68 21'23 18'90 21'26 

43'45 49'66 58'82 . 

34'0l 81'68 20-46 . 

43'83 48'77 . 

+60' +35” +16” +86“ +88" 

902 7-69 8-69. 6'98 6'16 

81'46 26'88 63'29 23'86 18'S8 

22'43 17-74 49-80 17-38 18 28 

+ 30“ +28“ + 7“ +18“ +10“ 


' Analyit, Aprfi, 1884. 







' 'fioiftnr. 
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Dr. E. Siebon ‘ has published analyses »f sixty samples of honey which 
he believed to be perfectly genuine. The general results are as follows:— 


Moisture, «... 

Mean. 

]9'98 

Maximum. 

24*95 

Hlnlimim. 

16*28 

Grape sugar, ... 

84'71 ■ 

44*71 

22-23 

Levulose, .... 

39*24 

49*25 

32*15 

Invert sugar, 

70*80 

79*.'i7 

69*96 

Cane sugar, by boiling with acid, 

1*08“ 

8 22'-‘ 

0*00 

Total sugar, .... 

75*03 

81*74 

70*20 

f)ry sul»tance, 

80*03 

83*72 

76*05 

Substances other tiiau sugar, 

502 

8*02 

1*29 


The chief adulteration of honey is the addition of starch sugar in the 
form of syrup. Cane sugar may bo also found,® and mineral adulterations 
are possible. 

Ernst Beckmann (Zeit. /. analytmlie Chemie., 1896, 263) has shown 
that if methyl alcohol l)C added to pure honey solution, there is no separa¬ 
tion of dextrin bodies; and it is probable that the dextrin which may bo 
in natural honey is a different dextrin to that which is the result of the 
hydrolysis of starch by acids.* 

He has applied this fact to the testing of honey for the addition of 
gluexjse as follows ;— 

To 5 o.c. of a 20 per cent, solution of honey are added 3 c.c. of a 2 per 
cent, hydrate baryta solution and then 17 o.c. of methyl alcohol. On shaking 
the mixture, pure honey remains clear or only slightly turbid. On the 
other hand, should the honey be adulterated with either glucose syrup or 
glucose there is a marked precipitate. 

The same author has attempted to found a quantitative process on the 
weight of the compound of dextrin and baryta separated, but this latter 
process abounds with too many errors to be useful to the food analyst. It 
may happen that from the presence of phosphates and sulphates baryta 
gives a precipitate alone. 

In this case these must first be separated. 

Mr. Hehner determines the moisture at lOO’C. The glucose is estimated 
by Fehling’s solution—both before and after inversion; the inversion U 
produced by heating with 10 per cent, of hydrochloric acid to about 70°. 
The rotatory power of a 10 per cent, solution is determined both before 
and after fermentation.^ The fermentation is produced in a 10 per cent, 
solution by the addition of a little yeast, the vessel being kept in an in¬ 
cubator at 30°C. for from five to six days; this operation might be made 
more speedy by fermenting in a vacuum with plenty of yeast, as suggested 
by Boussingault. After fermentation, the solid matter is determine and 
subtracted from the peroontage of ghicose left unfermented. The pro¬ 
portion of unfermentable matter slK'utd be no larger than would be 
yielded by a pure glucose solution after fermentation, viz., about 6 per 
cent. 

A pure honey has the following characters:—The moisture does not 

• "Ueber die Zusanunensetzung dee Starkezuokemynips, dea Honigs, u. iiber die 
Verfalechnngen dee letzerea.” Zoitselayfl dor Subemueker Ivd., 1884, 837. 

' Although cane sugar is not an ordinary constituent of honey, it may be found in 
the honey of bees which live near cane sugar factories or which have fed on cone sugar, . 
even up to 7 or 8 per cent, 

> He considers it to be a disacoharide. Honey dextrin bus much resemblance to gallisin,. ; 

* The honey derived &ora ftowers turns a ray of light to the left, that from conifeia i 
to the right; it ia obvious that honey derived Aom both specira of plants may eithor ' 

. have no Influence m Ught, or deviate tight or according to oiroumstaneea. 



TABL® XI.--S0IIB ABtriTEKATED SAMPLES OF HOSEY ASALYSED BY E. SlEBliM. 
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exceed 23 per cent. The percentage of gliJoose before and after inversion ' 
is about the same. The unfermontable matter should not exceed 8 per 
cent. The polarising power of a 10 per cent, solution, both before and 
after fermentation, should bo very small or nil. 

There should be only a slight precipitate with cither alcohol or baric . 
chloride. The ash always contains from ‘01 to •(13.5 per cent, of PjOj. 
The ash from honey made from glucose larger quantities. The ash of pure 
honey is always alkaline, that made from glucose neutral. 

There is an artificial honey in the market, sold as such, that consists of 
dextrose and levulose, and, according to Hehner, can only be distinguish«i 
from genuine honey by the entire absence of phosphoric acid from the ash.t 

A curiosity of food is a commercial American artificial honey, which is 
entirely composed of glucose syrup, while the comb is also artificial, and 
made of paraflBia The appearance of both comb and syrup is said to be 
superior to that of natural honey. It is not probable that this artificial 
honey will be met with; if there should be any suspicion that the comb is 
artificial, the presence or absence of paraffin is easily ascertained. Pure 
bees’-wax melts at 62° to 65 °C. Its specific gravity is ‘962; it contains 
oerotic acid, myricine, as well as ceroleiue; and, like other fatty matters, 
it is attacked and blackened by warm sulphuric acid. Parafiiu, on the 
contrary, remains unacted upon, so that this test alone will suffice either 
to detect paraffin when pure, or to separate it from other matters, such as 
waxes and fats, which are carbonised by sulphuric acid. 

S 77. Treade, QMen Syrup, Motansea. —The above-named syrups are by¬ 
product of the sugar industry, and all should consist essentially of sucrose 
and sugar, the common adulterant being glucose syrup. Con- 

si^gBSVleSittention has been devoted of late years to this form of adulter- 
a«fti on account mainly of the possibility of arsenical contamination by 
arsenical glucose. 

Tlie composition of a genuine sample of ordinary treacle is as 
follows^:— 


Cane sugar, • 

per ceot, 
. • 44-80 

Levulose, 

Dextrose, 

. . . . 6-80 

. 7-12 

Ash, ... 

. 8-21 

Water, 

, 28-20 

Matters unaccounted lor, . 

. 5-87 


Genuine syrups of this class on inversion turn the plane of polarisation 
to tlie left, and when treated by Beckman’s test (see p. 125) give no indica¬ 
tions of dextrin. 

On the other hand, samples adulterated with glucose syrup give a 
decided dextrin reaction, and on inversion the polarisation is still to the 
right, for glucose syrup is not sensibly affected by methods of inversion. 
Pot example, the bntnds known as Crossfield's and Lyle’s golden syrup, when 
pur^ give the following polarimetrio readings for (o)o :— 

, Before Ittvereloo. After lavemlon. 

Crossfield’s at 17'5*, . , . ■^24•2I -11-07 

Lyle’s at 17-6', .... +14-53 -13-83 

A simple method of analysis is given by E. W. T. Jones.* 

• Jnalytt, Die. 1885 (WiAI 4 Kollreps’ Gstman patent 57388). 

• C. J. Matthewe and A. Hyde Parker, Analmt, xxv., 90. 

• Jnalgst, xxr., 88 . • - 
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Mr. Jones makes a 10 per' cent, solution at 15'6°, and takes the sp. 
gravity; on dividing the gravity, minus 1000 by 4, an approximation to 
the amount of water is obtained; tlius a sp. gravity of 1032 would show 
80 per cent, of water. 

The polariinetric value of the licjuid is obtained before and after 
inversion. The following formula is then used for calculating the amount of 
glucose syrup, provided the syrup shows dextro-rotation after inversion:— 

([«]„ aft e r in ^n + 11) 100 ^ 

Another simple method of calculating is given by Bernard Dyer.^ He 
assumes the specific rotatory power of gl>icose syrup to be (a)® 113 0° and 
the K value 42. 

He polarises at 20°C. liotb before and after inversion, ifnd calculates the 
percentage of glucose syrup by the following formula, in which II stands 
for the specific rotatory power at 20° U. of the (miuverted sample. 

8 stands for the + rotation of sucrose present and K for the copi)cr 
reducing power:— 

„ , , , 0-206K + (K-S) 

Per cent, of glucose synip“-f:TfV- ' 

The inversion of a 10 per cent, solution of syrup is best performed by inver- 
tase, or, if no invertaso is at hand, a gramme of pressed yeast is added to 50 
c.c. of the solution, and kept at 52° C. for five hours, then boiled to destroy 
bi-rotation; on cooling, it is made up to the original volume and examined 
jwlarimetrically. A more elaborate method of analysis, in which practically 
all substances are determined quantitatively, is as follows;— ' 

Total SMids. —Make up a 10 jjer cent, solution at 15'5”C., and take 
the gravity. 

Determine the weight of mineral matter in, «iy, five grms. of the 
original syrup, shake up the ash with 100 c.c. of water, and take the sp. 
gravity; subtract the sp. gravity thus found for an equivalent amount 
yielded by a 10 per cent, solution from the original sp. gravity, and then 
make use of the usual divisor 3’86, which gives carbo-hydrates. For 
example, a 10 per cent, solution bad a sp. gravity of 1032; five grms. 
of the original substance yielded 0‘37 per cent, ash, which, when shaken 
up with lOO c.a of water, gave a solution of 1003 sp. gravity. We have, 
therefore, 

8p. gravity of 10 per cent, solution=1032. 

Sp. gravity of a solution of ash from 10 grms.=1006, which on sub¬ 
traction leaves 26; this multiplied by 10 and divided by 3'86 equals 67‘3 
per cent, carbo-hydrates. The ash is 7'4 per cent., which gives total 
solids 74‘7 per cent, and water 23*3 per cent. The cane sugar is obtained 
from the polarimetric readings before and after inversion. 

Guprie Bedueing Power. —The 10 per cent, solution iadiluted to double its 
volume, and the cupric reducing power of 2 c.o., which is equivalent to 100 
milUgrms. of the original syrup, is ascertained by Fehling's solution (see 
method at page 111). 

The weight of CuO, multiplied by 1000 and divide by the mean cupric 
reducing power of 1 gnu. of invert sugar (2'36), equals rMuoing sugars. 

Mitimalion of MAen Dmppearing during FerfnentaH(m.—A. few grms. 
of pressed yeast are added to 100 c.c. of the ten per cent, solution and kept 
' Analnit. xxy., 85. ’ 
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at 18' for from three to five days, until all lermentation had ceased. After 
evaporating off the alcohol, the alcohol-free extract is made up to the original 
bulk and the specific gravity determined and also a polarimetric reading taken. 

Pure samjiles show no optical activity after fermentation; samples in 
which dextrin is present show an optical activity in proportion to the un¬ 
destroyed dextrin, fermentation always hydrolysing a portion of the dextrin. 

From the original specific gravity, the extract specific gravity is sub¬ 
tracted ; this figure multiplied by 10 and divided by 3'86 gives the per cent. 
, of sugar which has disappeared during fermentation. 

The cane sugar found by optical activity before and after inversion 
aSded to the reducing sugars found by the cupric estimation should about 
equal the sugar which has disappeared during fermentation, but on making 
a copper estimation after fermentation there is genemlly found some 
reduction due t|p unforraented dextrose and levulose. The CuO found 
xby 1000 and divided by 2'36 (1 grm. of invert sugar = 2'36 gnus, of 
Ci'O) equals the jrcrcentage of unfermented reducing sugars. The per¬ 
centage of levulose and dextrose is estimated in the following way:— 


IjOt a!=per cent, of dextrose; p = per cent, of levulose, 
then x + y = total sugars, 
and 52’8 x ~ 96-65 p = 0, 


the difference between the two, of course, equalling the levulose. 

The total reducing sugars are found by subtracting the optical activity 
duo to cane sugar from the optical activity of the original solution and 
taking ipto aiScount the cupric reducing power. 

EKti^tim of Maltose and Dextrin .—It has been already stated that 
after complete fermentation there should be no rotation in a sample which 
has not been adulterated with glucose syrup; if there is a'dextro-rotation, 
it will be due to dextrin or to dextrin in combination with maltose. In 
order to ascertain this, the liquid which ^s been fermented and deprived 
of alcohol liy evaporation is submitted to the action of malt extract or 
diastase. The malt extract is conveniently prepared as follows; - 

100 j^s. of pale malt are digested with 260 c.c. of water and allowed 
to stand in the cold for twelve hours; the liquid is then filtered and the fil¬ 
trate used. 

The specific gravity of this filtrate is taken; it is also examined optically 
and its K value asoertoined by a copper estimation. An aliquot part (2—3 
O.O.) is then added to the alcohol-free extract as above, and the whole kept 
at 60' for five hours. Any reducing sugars set free by the diastase will 
now be shown by an increased cupric n-duoing power. Therefore, a ooppe- 
estimation is made on an aliquot portion, the result being, of course, cot 
rented by subtracting any reduction due to the malt extract added.* Tt 
another portion some yeast is added, and the liquid kept at a fermentatioi 
tempejTture for some days. If fermentation takes place and the fermenter 
liquid after evaporating off the alcohol shows no reducing power whet 
treated with Fehling, it may be with confidence presumed that the reduc 
tion before fermentation was due to maltose alone; and from the reductioi 
or optical activity or both the percentage of maltose and dextrin may bi 
calculated. 


t If more than 2-8 o.c. of the malt extract is added, the epecifio gravity, the opticity 
#nd the E value of this extraet must be obtained after heating to 50° under the eami 
oonditione as the mixture. 
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To show the mode of calculation, an example may be taken from Brown 
and Heron’s paper {“ History of Starch, and its Transformations,” Vo«m. 
Cten. Sne., 1879). 

A starch conversion by cold malt extract gave the following values— 
(•*)j 3 *M“b 16.3*3 and K3.^48'8. 

(1.) Determination of the proportion of maltose and dextrin simply by 
the optical properties. 

We have the optical activity of dextrin + 216, of maltose + 150°, 
difference 66. 

Then (163;3-^00^20 .j 

66 

therefore the mhture consisted of 

Maltose,.79 9 

Dextrin, . . . . . 20*1 


1000 

(2.) Determination from the reduction. 

The reduction is simply due to maltose, and taking It;.*; us 61 

48*8x100 
61 

therefore the mixture consisted of 


Maltose, 

. 

80*0 

Dextrin, 

. 

20*0 



10«0 

This should give the following opticity:— 



Maltose, 

150x80 

100'““ 

120 

Dextrin, 

216 X 20 
■ ■ 100 “ 

43*2 

Total, . 

. . 

163*2 


which is practically identical with the observed opticity, via., {a)j 163*3*. 

Some analyses of adulterated treacle have been published by Mr, 
Chapman as follows:— 

TAULK XII. 



So. 1. 

^0. 2. 

NOsS. 

No. 4. 

Cane sugar. 

Invert sugar, .... 

20*68 

26*10 

27*40 

4*10 

10*80 

12*00 

28*60 


Deztrobe, • . . « 

8*10 

22-00 

11*40 

81*70 

Maltose,. 

25*40 

•40 


7*50 

Dextrin. 

I2*9r. 

8*98 

2*50 

34*80 

Ash. 

1*82 

6*20 

7*24 

1*10 

Water,. 

19*08 

20*50 

22*69 

21*30 

Undetermined, 

8-22 

4 82 

S*17 


100 

100 

100 . 

100 

Optical activity . • 

1 

+ 77*8* 

+ 46*2“ 

+ *24*6“ 

+>i8*01" 
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It often happens in the examination* of treacle, jams, and dmilaf 
products that, after treatment with malt extract, the sugar produced is 
only partly or not at all destroyed by fermentation. This points to the 
setting free of a polysaccharide, which is unfermentable. Some chemists, 
however, ascribe this circumstance to ‘gallisin,’ a dextrin-like unferment- 
able body, which has not been obtained pure. The probable optioity of 
gallisin is (a)i, + 84° and K absolute 41. 

Treacle, golden syrup, and molasses should, as a matter of routine, be 
examined for'arsenical contamination by the method described po»t (see 
Index). 


Jam. 

§78. Jam consists of various species of fruit preserved by boiling in 
strong syrup. Most jams are very readily adulterated, since any tasteless 
vegetable tissue, such as vegetable marrow, tiunips, etc., when mixed in 
jam, cannot bo readily detected by the palate. The chemical composition 
of the various jams is simply the chemical composition of the fruit juice 
and fruit itself, with the loss of a few volatile constituents and the 
addition of cane sugar. The latter may be in part inverted by the action 
of the organic acids or ferments so constantly found in fruit. A large 
proportion of jams and marmalade are preserved by antiseptics, more 
especially by salicylic acid (a common proportion is 3 grains to the lb.); 
to not a few glucose syrup is added. The carbo-hydrates in jams and 
marmalade are determined on precisely the same lines as the carbo-hydrates 
in treacle. Arsenic will also have to be tested for, as described post (see 
Index). Jhe detection of other adulterations in jam are mainly microscopic; 
but, at the same time, in many oases a careful observation of the absorption- 
spectrum will assist the diagnosis. In order to carry out,this successfully, 
in addition to the precautions before described, it will be safest in all oases 
to use comparison liquids; and those who devote themselves to this study 
should have at hand a variety of genuine jams of different ages. The mean 
composition of the more common kinds of fruits is detailed in the following 
table \KBnig \:— 

TABLE XIII.— 100 Pakts of thk Seed Feuit. 



Water. 

NltrogcaouB 

subatonoei. 

Free 

acid. 

Sugar. 

Otiier non- 
nitropenoue 
mattera. 

Woody 
fibre, etc. 

Aoh. 

Apvld, 


83-08 

0-89 

ill 

7-78 

6-17 

1-98 

0-81 

Post, 


88-08 

0-86 


8-28 

8-64 

4-80 

0-81 

Plum, 


81 18 

0-78 

■wfiB 

8-16 

4 92 

6-41 

0-71 

I’rune, 


84-86 


1-60 

8-66 

4-68 

4-34 

0-66 

Pesches, . 


80-08 

0-86 

0-92 

4-48 

7-17 

6-06 

0-69 

Anric .ts, . 


81-22 

0-49 

1-16 

4-89 

6-86 

8-27 

0-82 

ODem'«, • 


80-26 


0-91 

10-24 

1-17 

e -07 

0-78 

Grapes, . 


rod? 

0-69 

0-79 

24-86 

1-96 

8-80 

0-68 

Strawberry, 


87-66 

1-07 

0-93 

6-28 

0-48 

2-82 

0-81 

Raapbonry, 


86-21 

0-68 

1-88 

8-96 

1-64 

6-90 

0-49 

Bilberry, . 


78-86 

0-78 

1-88 

6-02 

0-87 

12-29 

1-02 

Blaekbeny, 


86-41 

0-81 

1-19 

4-44 

1-76 

6-21 

0-48 

MuUxiiry, 


84-71 

0-86 

1-86 

9-19 

2-81 

0-91 

0-66 

Gooseberry, 


86-74 

0-47 

1-42 

7-08 

1-40 

8-62 

0-42 

Cunaut, '. 


84-77. 

. 0-81 

2-16 

6'88 

_A. 

0-90 

4-67 

072 
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Bri^ Notes of the MierMeopteal Stnietwe of Certain. FruHi. 

g 79. Apples and Pears. —Both apples and pears contain numerous 
dotted ducts and spiral vessels. There is no very distinctive peculiarity 
about those ducts, but in the core will be found a strong homy membrane 
with spiculated cells, crossing one another at right angles, forming 
altogether a very singular tissue, and one which, once seen, can always be 
recognised. 

Damson .—The skin of the damson is composed of at least two distinct i 
species of cells underlying the transiMirent epidermis. One kind is ,a 
double row of reddish-purple oblong or oval cells, having, when seen in 
section, an average length of '00232 inch, and an average breadth of about 
'000928 inch; seen from above (as in tearing oft' a shred of the tissue) 
they form a beantitnl five- and six-sided mosaic pattern, tlio sise of the cells 
being from about 000928 to 00116 inch. The blue cells are vei'y similar 
in shape and size to the reddish-purple; below the blue there are some 
loose cells containing chlorophyll. Hence the beautiful colour of the 
damson is the combined effect of the blue, the red, and the green shining 

through the transparent epidermis. 
The pulp contains the usual large 
colourless globes or cells, of '0116 
inch average diameter (h, fig. 21). 
Spiral vessels are numerous, stomate 
are occasionally to be seen on the 
surface of the dark-coloured epi¬ 
dermis. The breadth or thickness 
of the skin is '00814 inch*.' By the 
use of bleaching powder, a small 
portion of the skin may be deprived 
of its colour, either partially or 
wholly, according to the judgment 
of the oiterator, and then will be 
seen a mapping out of the whole 
surface into lobes by colls so placed that they form a network. 

Plum .—^There are at least three distinct structures to be seen in the 
boiled and preserved plum;—1, The epidermis, consisting for the most 
part of a pavement-like layer of little square or irregularly oblong cells, 
filled with a granular matter (r, fig. 22), the size of the cells averaging 
from about '000696 to '00116 inch; the general distribution of these cells 
is somewhat circular. Scattered tolerably uniformly are patches of a 
deeper colour, with larger cells, the patches being irregularly circular, and 
the centre of the patch an empty space, which possibly is a much deformed 
stoma. The pnlp consists of the very common large globular cells (o, fig. 
22), of about '12 to '14 inch diameter, almost perfectly transparent, with a . 
slirivelled mass within. Lastly, there ere some beautiful masses of com¬ 
pound cells, varying in size from '016 to '48 inch (J, h, fig. 22), the length 
usually being from one and a half to three times the breadth. These com¬ 
pounds are either prismatic in shape or oval, while a few resemble long 
tubes. The number of cells thus bound together is very variable, since 
from seven up to twenty-seven may be counted on one side. The little 
■ cellular members of the composite are five-sided cells of an averase leneth 
of'06 inch. 

Oranges— Lemons; tfqmalode.—Marmalade-is made by preserving ■ 



Tia. 21.- 


a, EuidBimis of damson ; h, pulp 
cells, xllS. 
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sliced up oranges or lemons, or both combfnea, in a strong syrup, urange 
marmalade is properly made from SeYille oranges only, lemon marmalade. 
from lemons only. It is not practicable to distinguisli by the microscopic 
structure alone whether the substance is orange or lemon, or to what 
species the orange or the lemon belongs. It is, however, mwt easy in 
marmalades to recognise substances foreign to marmalade, because the 
structure of the vegetable tissues used is very distinctive. Good marmalade 
is wholly composed of line sections of the fruit: on selecting the thinnest 
of those sections, or (what amounts to the same thing) cutting and prepar¬ 
ing a section, there will be three structures to notice. It will be observed 
that the colour layer is very thin, and composed of layers of yellow cells 
{a, fig. 23), many filled with oil, and here and tliere large cavities, covered 
with a thin transparent opidermai layer. The size of the cells is small, 
about ‘000147 inch in diameter. Beneath the yellow layer there is a deep 
kyer of colourless cells, traversed by a network of bundles of vessels, each 
bundle consisting of a dozen or more spiral vessels, of small diameter, in 
the midst of the ordinary elongated fibre-like cells. In this kyer are krge 



ViG. 22.—Struotares found in tlio plum, x 115. 
a, Pulp cells ; h, b, compound cells; c, a 
portion of epidermis. 


Fio. 28. — Section of rind o 
orange, x20. a. Layer o 
yellow cells ; b, inner whit 
cortex, showing a cavity anc 
vaacular twigs. 



cavities, ‘0415 inch diameter or more, and around these cavities the celh 
are applied in concentric kyers. The pulp of the orange presents 8 
uuml^r of soft and thin-walled cells without any very distinctive pecu¬ 
liarity, Large spirals, large oval cells and structures, dissimilar to the 
above, will be suspicious signs, and will denote adulteration. 

The Straiebeny may be readily distinguished under the microscope bj 
the great number of very small seeds which are scattered on the exterior 
of the fruit. These seeds are pyriform and very regular in size, being 
about ‘038 inch wide at the broadest end, and ‘07 inch in length. The 
coat of the seed is almost smooth; under a high magnifying power, it rhay, 
however, be seen to be'slightly tnberoukted. Each seed is attached to the 
central part of the fruit by means of a vascular bundle formed of delicate 
fibres and spiral vessels; and the oonsequonoe of this structure is, that the 
strawberry is full of spiral vessels, all of minute size and very transparent 
The cells soon when jam is examined are, for the most part, colkpsed and 
shrivelled; those that'are irot so are large oval or pyriform cells, often 
ooutaining shrivelled cell contents. Common ireasurements of these cells 
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,, . Are ‘008 inch, small diameter, •0176 inch long diameter for the oval 'cells, 
-■ and for the pyriform ‘0136 inch broad end, ‘0184 long diameter. 

A general analysis of strawberries has been published by J. M. H. 
Munro. {Chfun. Neirn, 1., 227.) 


Fur cent. 

Water,.S9’30 

Organic matter,.10'27 

Anil, ..'43 

The ash contained—Calcium phosphate. 22 91 

Potassium carbouate.00'77 

Magnesia.2'93 

.Soda,.1'29 

8u1]iburic anhydride.3'88 

Sand and insoluble matter,.6'61 

Undetermined,.'61 


The liaepherry has its seeds reticulated, and in most jams the form of 
the fruit is preserved quite sufficiently for recognition. 

The (Toomlyerry has an epidermis in which can bo seen a mosaic pave¬ 
ment of cells, and the fruit also possesses clavate hairs. 



Fio. 24.— a, Ihilp cells of straw- 
Isjny, X IIS; 8, strawberry 
seed, x20. 


Fin. 26.—o A shred of epidermis, show¬ 
ing tlie sinuous markings in one 
iiortion, andtho under layer of cells 
in another; 8, the compound bodies, 
xll&. 


The lilaekhemj. —The seeds are reticulated, and the cuticle covered trith 
stellate hairs. 

'CurrarUi. —Both the black and the red currant are similar in structure; 
the epidermis is covered with an excessively thin membrane, showing sinu- 
= ouB wavy divisions, and set with simple hairs. Beneath the outer membrane 
the colour layers, consisting of little square masses with rounded angles 
'00029 to '00039 inch diameter (a, fig. 25). The pulp is made up 
of th 2 g)jg^ lastly, here and there may be found peculiar 

®o™I“‘*‘id bodies, b, attached to the inner layer of the epidermis. ^'^TSiese 
are about -0068 inch in length and '0015 inch, in breadth,.and ^ fOiped 
” a numberXpf oblong cells. So far as known, these bodies are raund .only 
^n the curranft., 


Sacohasis. 


'V tsAwnnjuii* 

Tliis M tile pqjular nV.,|ne inven to a otystalline aubfttanoe dUcovered by tahlberg and 
Iwrasen {De^, C^m. Qm\ Ser*. xil, 469-578) iu 1879. Uw*w flrefc obtdiied W 
oxidation of ortnotolueae 8K;^honaimde by permanganate; its formula ie 


and it has been n^ed anhydro^n^^fl.y qi pbamiti fl-hftn gnic afsd ' 
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Bhortoi, Benzoic sulphimide—it is in the fom ofswhlte crystals, soluble in hot water, 
alcohol, and etter. It melte at 220°, and can he sublimed without undergoing decom¬ 
position ; it forms ciystellino compounds, with the alkalies and alkaline earths; on 
eva^wrating an aqueous solution strongly acidified with HCl, almost to dryness, it is 
transform^ into ortho-sulpho-benzoio acid. It is so intensely sweet that 1 iiart in 
10,000 of water is very Mioeptible; the sweetness is like that of sugar, bat with a 
peculiar flavour. The substance is used in commerce, and tlio analyst will look for it 
m all sweet manufactured liquids, such as lemonades, temperance drinks, and liqueurs; 
it is said also to bo added to sugar itself, to increase its sweetening power. It is not 
poisonous, but, on the other hand, it has no nutritive powers; it is said to pass through 
the kidneys unchanged. A general method of detecting saccliarin is to shako liquids, 
after feebly acidiiymg, with cwier; to aejiarato the ether and evnprate to dryness. The 
chhereal extract obtained in this way, if saccharin be present, will teste extremely sweet, 
and if fte residue is gently fused in a platinum dish with six times its weight of pure 
sodic carbonate and potassic nitrate, the sulphur will be oxidised into sulphate, and 
tlie fused mass will, when dissolved and the solution acidified with HCl, give a precipitate 
with baric chloride. 

Saccharin fuse"gently with potash is converted into salicylic acid, and, therefore, 
with ferric chloride strikes a violet colour. 

Solids, such as sugar, are also treated with other, and the ethereal extract examined 
as before; but if the solid has an alkaline reaction, it is best first to extract with hot 
water, acidify the aqueous solution, and shako out with ether. 

I’atty substances or liquids must first be fined from fat, by treatment with light 
iwtroloum. A quantitative estimation is most accurately made by oxidation of the 
sulphur by fusion and precipitating the sulphate with barium chloride—-1 iiart of barium 
sulphate equals '785 of saccharin. 

Saccharin treated with Nil, in the cold and the excess of ammonia got rid off by 
evaporation forms the compound CsH^CO.SOalfjH*; on tr^ting this with alkaline 
hiomide, nitrogen is ovolved. The number of c.o. of N divided by 0'89—saccharin in 
ccutigrms. (H. Defoumel, PAamn, 1901 [vi.], xiii., fil2). 

Dulcine or Sucrol (Phenetol carbamide) l>CflH 4 ,OCjjHB is also used for 

Bweeteninjppurposea; it may be extracted from liquids 5y ethylaoetete. 

Starch, CbHjjOj.* ' * 

§ 80. It is convenient to consider the starches together, more especially 
as, however varied in form, the chemical composition of all starch is very 
similar, if not identical. 

Every starch corpuscle is composed of at least two probably isomeric 
bodies, the one ‘ grantUose,’ soluble in saliva, and coloured blue by iodine j 
the other coloured by iodine pale yellow, and only becoming blue after 
the addition of sulphuric acid; it is fully soluble in ammoniaoal oxide of 
copper, and appears to agree very closely with the characters of cellulose. 

These two substances may be most readily separated by diluted chromic 
acid, which dissolves grenuloee very easily, whilst celluioso remains un¬ 
altered. All starch is very hygroscopic; wheat starch, dried in a vacuum, 
still contains 11 per cent of water, and air-dried from 16 to 28 per oentA 
of water. Starch is insoluble in cold water or sjnrit Some chemists, 
indeed, assert that if finely powdered in agate mortars, or with quarts 
sand, a small portion dissolves; others contend that this is no true solution, 
but the starchy matter in a state of most minute division. If warmed 
with water, the starch granules Bwel4 and when heated up to 100° most 
starches form a semi-kolution in water. Thie compounds of starch with 
bases are scarcely established. lime and baryta appear to form weak 

‘ Brown A Millar {Jmm. Ckem. Soc., 1899, 331), consider that soluble starch has 
a molecular weight of 32,400, And is formra by the oomUnation of molten and dextrin 
groups. ' 


' " Mutanjroup. 
80 


Dextrin groiui. 

,40<^„O, 
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UDioiM, and the intense colour produced by iodine, as well as bromine, 
seems to point to the formation of haloid combinations Fritsche, indeed, 
states that he has isolated the iodide and the brondde of starch, the former 
containing ten eiluivalonts of starch and one of iodine. 

Stiireh heated in closed tulKxt up to 100° C. changes gradually into 
soluble starch. If the temperature is raised up to 160° or 200° C., it forms 
a transi«ucnt mass consisting wliolly of dextrin. At 220° to 280° C. still 
furtlier oliango is produced, and the result is pyrulextrin, a sulwtance 
easily soluble in water (but insoluble in absolute alcohol and ether), and 
witli the composition of C.|,ir,„|0,„,HO. At still higher tem|)eraturcs there 
is carbonisation, and the formation of products similar to those caused by 
tho decornjiosition of sugar. 

Starcli is easily changed into sugar by the action of dilute mineral 
acids, as well as by oxalic acid, aqueous chloride of sine, and by certain 
fermonts—diastase, saliva, yeast, etc. 

The estimation of starch in organic bodies is always based on hydro¬ 
lysing the starch and converting it into either a reducing sugar, and 
dextrin, or the hydrolysis is camrf farther, and the de.\trin also converted 
into sugar. This conversion is done in various ways. 1 to 1'3 grms. 
in 40-,50 0 . 0 . of -2 per cent, sulphuric acid for eight hours may be heated 
in closed tubes or flasks in a glycerin bath to 108° or 110° C.; or the 
sulistance, in some instances, may be heated in ordinary flas^ in the 
water-bath, with a 2 per cent, solution of hydrochloric acid, for many 
hours until it ceases to give a starch reaction with iodine. 

An excellent general method has been proposed by Dragendorif:—2 
to 3 grms. of tho powdered and dried substance are heated, with 26 to 30 
c.c. of a 6 per cent, solution of potash in absolute alcohol, for from*teighteen 
to twenty-four hours in the water-bath, filtered hot, through a weighed 
ai0l-frhe filter; the residue on the filter is washed first with hot 
absolute and then with cold ordinary alcohol, and lastly with water—the 
residue is now dried at 110° C. and weighed j the loss of weight corresponds 
to the albuminoid matters, the fat, the sugar, and the soluble salts, which 
have been removed by the alcoholic potash, the alcohol, and the water. 
The filter and its contents are now divided finely by scissors, and boiled 
with 5 per cent, hydrochloric acid until a blue colour is no longer struck 
with iodine, the liquid is then filtered through a weighed filter, and the 
re.sidHe washed, dried, and weighed—the difference between the weights 
of Nos. 1 and 2 gives veiy nearly the starch. This weight may, of course, 
be controlled by estimating the glucose by Fehling solution. 

A general method for the estimation of starch in flours has been worked 
out by C. O’Sullivan {.Town. Cliem. Sor-., Jan. 1, 1884, No. ooliv., 2-10); 

. its principle is tho freeing of the flnejy divided substance from fat, 
albuminoids, and amylans by suitable solvents, and then transforming 
the starch by the action of diastase into maltose and dextrin, the propor¬ 
tions of which are estimated by the Fehling solution and by the polarisoope. . 

1. Preparation of the Diaetase. 

2 ^to 3 kilos, of finely-ground pale barley malt are steeped in water just 
ghflficicnt to cover the whole. After standing several hours it is filtered 
, by nieans of a filter press; and, if not clear, by passing it also through an 
■ ordinary filter. The diastase is now precipitated by alcohol sp. gr. '83, 
tho alcohol being added gp long as the precipitate is floobulent,. but ■..! 
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discontinued when a milky or opalescenti appearance commences. The ., 
diastase is washed with alcohol {'Sd-'SS), dehydrated with absolute alcohol, . 
and dried in vacuo over sulphuric acid. Diastase thus prepared is a white, - 
dry, friable, soluble powder retaining its activity for a long time.' 

Freeing the FUmr from Fatty Maihre.—h gnus, of the flotu- are first 
saturate<l with alcohol sp. gr. ‘82, and from 20 to 28 c.o. of ether added. ‘ 
The flask containing the mixture is set aside for a few hours, and the 
whole is then filtered; the residua being washed with ether. 


* 2. Removal, of Sugar*, Allmminnids other than Damn, and Mattere 
soluble in Weak Alcohol. 

To the flour now fat free, 80 or 90 e.c. of alcohol sp. gr. ’90 are added, 
and the mixtuft kept at 35° to 38° C., with occasional shaking, for a few 
hours. The alcoholic solution is then passed through the same Alter 
which has been used for the ‘ether’ operation, and the residue washed 
by decantation with the same strength alcohol, and at the same tempera¬ 
ture. 


3. Sdalion of the Amylans. 

The flour which has been treated with alcohol and ether is now sub-. 
Blitted to the action of water; the flour is digested with half a litre of 
water, and decanted through a filter at the end of twenty-four hours; it 
is then repeatedly washed with water at 36° to 38° C. 

This part of the operation is tedious, for the filtration is sometimes 
very slow. 

4. Conversion of the Starch. 

The residue is finally transferred to a beaker, and boiled for a few 
minutes in 40 or 45 o.c. of water with constant stirring—it is then cooled 
to 62° or 63° C., and '021 to '038 grm. diastase, dissolved in a few cubic 
centimetres of water or a few cubic centimetres of normal malt extract 
added. In a very short time the solution ceases to give a starch 
reaction with iodine, but it is best to maintain the digestion for an hour, 
because filtration is then easier. At the end of that time the contents of 
the beaker are boiled for eight or ten minutes, thrown on to a filter, and 
the filtrate received into a 100 c.c. measuring ftok. The residue is care¬ 
fully washed with small quantities of boiling water at a time, When the 
flask is nearly full, its contents are cooled down to 15°‘5 0., and made up tc 
100 c.c. with water at that temperature. Should the filtrate exceed 100 
O.C., it is to be concentrated to lie proper quantity. The specific gravity 
of the solution is now taken; its optical activity is determined, and its 
reducing power on copper solution estimated by boiling with Fehling. 

The optical activity of maltose, according to Brown and Heron, is [aj 
160° and Kj.^ 61'0. That of dextrin [a], 216°. The principles of calculating 
dextrin and maltose from the opticiu and copper values of a mixture have 
been already detailed. An example from Mr. O’Sullivan's paper will make 
the above clear. 

6 gnus, of barley flout, treated as above, gave as the ultimate result 

1 Instead of diastase, ;what is called normal malt extract, made by steeping 100 gnqs. 
of flneljr divided pale malt in 250 0 , 0 . of water for twelvghouraand filtering, maybe used. 



100 C.C. solatiou having a 8p.gr. = I'OtOOS = 2'539 grms. soHd matter. 
9'178 grms. of this solution reduced •241 cupric oxide, and a layer of ii 
200 mm. in length, gave a deviation with the Soleil-Vontzke-Sohoiblo'. 
Baooluirimeter = 21‘1 div. 

From these data we have:— 

0*241 X 0'725(! (K of inaltoso 62'6) '1748grm. 

maltose in 9*178 grnas. solution. 

The weight of 100 c.c. solution is from the sp. gravity 101*003 grms. ;* 
hence, percentage of maltose 9*178; 101*003: :*1748 = 1*923. Then— 

1*92S X 8*02 = 15*422 optical aotivity of the inaltoao, 

21*1 ■ 15*422 = 6*678 optical activity of the dextrin, 

and 

6*878 T 11*66 = *491 the dextrin in 100 c.c. sfilutioll. 


We have thou in the 100 c.c.— 


Maltose, 

Dextrin, 

Diastase, 


1*9*23 grins. 
*491 „ 
•030 „ 


2*444 

Against, . , 2*639 ,, aBrcpTcsentedbythesp.gr. 

Leaving, . . *096 „ matter unaccounted fur. 


This *095 grm. of unestimated matter was i»rtly referred to *062 grra. 
a uniylan, leaving a total error of only *012 grm. 

Mr. U’SuUivau’s determinations by this method of the stitrcdl in ilonr, 
etc., are as follows:— 


Barley flour, 
,, malt, 
Wheat Hour, 
,, mall, 
Ryo, . 

Uce, . 
Maizo, 

Oats, . 


Per uont. 
46*3 
39*9 
66*4 
43*4 
44- 46*0 
76*77 
64*68 
36*88 


A method of starch estimation devised by Miircker and Morgen,® much 
used on the Continent, is as follows:—3 grms. of the finely-powdered 
sulmtauce is digested in a small metal vessel with SO c.c. of water at a 
heat of about IW” C. for twenty minutes, then cooled to 70° C., and 5 c.c. 
of freshly-prepared malt extract (100 grni8,n».lt to 500 water) added j the 
mixture is now kept at 70° C. for twenty minutes, in order to liquefy the 
starch paste. Then 5 c.o. of a one,per cent solution of tartaric acid is 
added, the vessel covered with a metal cover and submitted in a Soxhlet’s 
digester to heat at a pressure of 3 atmospheres for half.'an hour. The 
digester with its contents is now allowed to cool, the lid unscrewed, the 
metal vessel removed, a second 5 o.o. of tartaric acid added, and the whole 
heated once more to 70° C. for twenty minutes. The solution is transferred 
into a iiask of 250 o.o. capacity, filtered, diluted to 200 o.o., and inverted by 

’ Mr, O’SolUvui has taken S'96 for the divisiu: of the sp. gr.—1600. . He haa also 
taken the optical activity of nultoee to be [a}/164, and K 62*6, the optioal aotivi^ of 
dextrin ae [it), 222, all numbers differing from those of Brown and Heron. 

® Handbvek dtr SpirUtu/oifiilxaim, 1880, 













boiling with 15 o.c. of HCl of 1’125 sp. gtawty. After three hours’ boiling ; 
under an inverted condenser, the liquid is cooled, almost neutralised by 
soda, made up to 600 cubic centimetres, aud the sugar estimated by Pehliug’s 
method. 

A. Lecleroi has proposed to treat 2 grms. of the moistened starchy 
substance with 180 o.c. of concentrated neutral solution of sine cldoride, 
and to heat the mixture in a salt laith up to 108° C. for two hours or more, 
until a solution is effected. Un cooling, the solution is made up to a 
definite bulk, filtered, and 25 o.c. of the filtrate precipitated by 2 o.c. of' 
hydrochloric acid and 76 c.o. of 90 per cent, alcohol; the.precipitate is 
stated to consist only of starch and dextrin. The precipitate is washed 
with acid holding alcohol, then with 90 per cent, alcohol, dried, and 
weighed. It is finally burned, and any ash subtracted. 

M. Honig jjeats tlie starch-holding substance in glycerin to 210°, and 
pours the solution into strong alcohol, and when quite cool adds a fifth of 
its volume of ether. The precipitote contains all the starch, which may 
be converted into sugar in the usual way. 

Mieylic Add Melliod .—Both salicylic acid and benzoic acids dissolve 
staiih; and on heating the solution, the starch is converted into sugar. 
Tbi^'is a good method in all oases in which the solution thus obtained can 
beilifficiently clarified for observation by a saccharimeter. 6‘376 grms. of 
the starch are heated for half an hour with 100 o.c. of water and 0'6 grin, 
of salicylic acid. 'The solution is clarified by adding a few drops of 
ammonia or sodic hydrate solution; it is made up to 200 cc., filtered, 
cooled, and examin^ by the polariscope. 

Inversion by Oxalic and Nitric Acid .—3 grms. of the material are heated 
with 100 %.c. of a saturated solution of oxalic acid for one hour. The liquid 
is Cooled and made up to 200 c.c. with 10 per cent, nitric acid, filtered, and 
the filtrate heated one hour in the water bath, the flask ^eing connected 
with an upright condenser. The solution is then polarised. 

W. E. Stone,® in an elaborate study of methods for the determina¬ 
tion of starch, gives preference to that in which the starch is converted 
by means of nmlt extract or diastase, for it appears that although the 
various processes by which starch (by means of a mineral , or organic acid) 
is converted into dextrose are accurate with pure starches, such processes 
are often most inaccurate in the presence of the xylans (gum, etc.), suli- 
stances which, without any starch at all, give sugar indications from 4 to 
60 per cent., wheat flour giving results so widely divergent as 59'8 per 
cent, by precipitations with barium hydrate, and 77'7 jier cent, by inver¬ 
sion with hydrochloric acid. 

An easy aud simple method of determining starch in flour has been 
suggested by Edwin Douzanl^ A grm. of flour is mixed with a small 
quantity of cold water, then with 35 c.o. of water at 100° C., and the whole 
kspt at 100° C. for 30 seconds; it is then cooled to 48° C., treated with 
20 C.C. jf a 10 per cent, malt extract solution (or an equivalent quantity of 
diastase) maintained at 48° C. for 20 minutes, heated to boiling and 
filtered; the filtrate is inade up to 100 o.c., some resolin added, ihe filtrate 
polarise^ any rotation due to malt extract being, of course, subtracted, 
The speoifio rotation is calculated into dextrin and maltose, as at page l38., 

^ Jowne. 1890. 

* Chm. Zlg.i 1890, 

* Joum. AAi. Ciem. xtL. No. 12.; Cktm, Ixx. 808. 

* Chenu New, 18W, i08. 
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Miermcopkal Idmlijieation of SUa/rdien. 

The successful microscopical examination of starches requires practical 
study, and those who desire to identify them must use all drawings and 
descriptions as guides merely. It is not easy to preserve starches mounted 
as microscopical ohjects,* and the analyst is therefore recommended to fit 
up a little ease, in small, wide spccimcn-tuhcs, so that ho can have at hand 
a sample of every kind of starch possible to be obtained. These samples 
should be arranged in the five classes described (pp. 141-144), partly based) 
on Dr. Milter’s ^ classification. 

A high magnifying power is not required, save for the very miuuite 
starches, such as rice and pepiper. For ordinary work a magnifying power 
of 250 diameters is ample.- Dr. Muter’s classification of starches was 
founded on oliservatioiis with a B micrometer eyepieej and a iV">ch 
power. 

it is also Hseful to observe the various samples of starch, and make 
tables of their dimensions. The projier way to do this is to put the 
smallest possible quantity of the well-mixed starch on a glass slide, add a 
droplet of distilled water, cover with a thin glass, take the exact size of all 
the starches in the field, enumerate them, and work them out into percent¬ 
ages for future reference. 

The illumination of starches is to be particularly attended to. The 
light must strike obliquely through the granules, in order to observe the 
rings, which are by no means so easily seen as diagrams would indicate. 

Polarised light is also useful, especially in the diagnosis of certain 
stareiies. Thus, the polarised starch of wheat, when examined in water, 
exhibits a dull cross; that of jalap, in shape and size like wheal, polarises 
brightly. Polarised light, in conjunction with a selenite plate, will also 
be found of great service. Eed and green selenites are best, and give a 
beautiful play of colours with the arrow-roots and potato starch; while 
the starches of wheat, bailey, rice, and oats scarcely show any colour. 
The whole of the starches of the Leguminos® are, so far as they have 
been hitherto examined, likewise destitute of this power of brilliant colora¬ 
tion. A J-inch object-glass, with an A eyepiece, will be found better 
adapted for this method of research than higher powers. 

If adulteration in any case has been made out, approximate quantita¬ 
tive results may be obtained by making a standard mixture of the genuine 
starch with the adulterant found, and then counting the individual grains 
in the microscopic field. Thus, for example, supposing oatmeal to be found 
adulterated with barley-starch, and from-a preliminary examination the 
mixture is thought to be 40 per cent., we proceed as follows:— 

Pure barley-meal and oatmeal are carcfidly dried at 100’ and mixed so 
that the mixture is exactly 40 per cent A few grains of this powder are 
now rubbed up with glycerine and alcohol into a smooth paste, which is 
then further diluted to a certain bulk, a drop taken out with a glass rod, 
and covered with a glass, which is gently pressed down. The number of 
grains of barley and oat starch are now counted, and their relative 
proportion noted, and an exactly similar process is applied to the oatmeal 
in question.’ If proper care be taken to repeat the experiments, the 

• 

i According to Muter, a mounting medium of 1 part of glycerin to 2 of water pre¬ 
serves the characters of Starch longest. 

’ Organic Materia Mcdiea. bondon, 1878. 

’ See a paper by E. L. Qteaipr, F.O.S., AntUgil, Janusiy 81, 1877. 



result is a near approximation to the trutk If photographs are taken of 
these mixtures they are always at hand for reference, and much time is 
saved. 


DIVISION I.— Staechbs showing a Play of Colouks with PuiJiKtSBO 
Light and a Sblrnitb Plats. 

'Class.!. —The hilum arul rmcetUrlc rings dearly visible, all the etarehe, 

, oval or ovate. The group indudcs tom lee moie, potato, arrouMmoU 

ealumha, orris-root, ginger, galangal, and turmeric. 

Tons les mois, or Canna arrow root, is furnished by the Oanna edulis, 
nat. order Marct/itareie. The granules vary in diameter from ’0469 to 
•132 mm. ['0018 to '0052 inch]. They present themselves under several 
forms, the smaller lieing granular or ovoid, the larger pyriform, whilst the 
largest granules are flat, oval, and pointed at their extremitiea The 
hilum is annular, eccentric; the rings are incomplete, extremely fine, 
narrow, and regular. The starch dissolves easily in boiling water; solution 
of potash causes the granules to swell rapidly, and gives to the hilum and 
lines remarkable clearness. 

Tons les mois can only be confused with the potato; the size is the 
chief distinction. The granules burst in water at 72” C., and they give a 
more regular cross when examined by pohiriscd light than those of the potato. 

Curcuma arrow-roof, which is also called East Indian (though the arrow- 
root ordinarily sold as East Indian is a Maranta), is famished by the 
Ciiivuina ingmtifolia. The granules are elongated triangular, or irregularly 
ovaL'^ttened, and almost transparent. The normal measurement varies 
from^i304 to ’0009 mm. [•0012 to •00238 inch]. The hilflm is eccentric, 
not ve%distinct; the ooncontrio rings are clearly visible, and form seg¬ 
ments m a circle. The application of heat or a solution of potash deforms 
the grains in a very irrcgidar manner; they begin to swell about 72" C. 

Maranta arrow-root, syn. Jamaica, St. Vincent, is derived from Maranta 
arundinaeea. The granules are somewhat ovoid, flattened, and tending to 
a triangular shape in the larger, but the smaller may be circular. The 
concentric layers are always visible and numerous, but not very marked. 
Nucleus is central, or alwut ^ eccentric—in some circular, in others linear; 
from the nucleus a little slit, filled with air, often goes to the edge. 
Length of granule O^OIO to 0^070 ram., average 0'036 mm. [= '00138 
inch]. Tumefaction in water begins at 76° C. The specific gravity of the 
starch taken in petroleum or benzole is P504; if dried at 100°, 1'665. 

Natal arrow-root is probably the produce of Maranta arundinaeea, the 
same plant from which Maranta itself is derived, but growing in a different 
climate. The majority of the granules are brcadly ovate, but some are 
oocasioiially circular. The dimensions are from '0327 to '0376 mm. ['00129 
to •00143 inch]. The eccentricity of the liilum ranges between and |. 
The lamina! appear under water with special clearness, and on this account 
granules of Natal arrow-root have been frequently mistaken for those of 
the potato. 

Potato starch, syn. Potato arrow-root. —The starch derived from the 
potato {Solanum tuberosum). The granules vary greatly in shape and 
. size, some being small and circular, others large, ovate, and oyster-shaped. 
The hilum is annular, and the concentric rings ^complete. In the larger 

<r • • ” - . ‘ 
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^granules the rings are numerous and dUtinot. The normal dimensions are 
•06 to '10 mm. [•0024 to -0039 inch]. The eccentricity averages The 
granules float on chloroform. 

Potato starch is frequently used as an adulterant of the arrow-roots. 
The most reliable metho(i of examination is careful mioroscopic observation, 
but there is also a different behaviour with regard to reagents, viz.:— 

(1.) Maranta arrow-root, mixed with twice its weight of hydrochloric 
acid, produces a white opaque paste, whereas potato starch treated similarly 
produces a paste transjmrent and jelly-like. 

(2.) Potato starch evolves a disagreeable and peculiar odour when 
boiled with dilute sulphuric acid, which is not the case with arrow-root. 

(3.) An acrid oil may bo extracted from the starch of the potato, but 
not from that of the Maranta. 

Ginger ,—^The granvdes are variable in shape, but ebapeteristio. The 
usual form may be described as shortly conical with rounded angles; the 
hilum and rings are very faint. Measurement about •0376 mm. {=•00148 
inch]. 

The remaining starches belonging to this group are distinguished as 
follows:— 

Galaiigal granules, skittle-shaped, with faint incomplete rings, an 
elongated hilum, with a normal measurement of •0342 mm. [•00135 inch]. 

Oalumba .—The starch granules of Calumba are variable in form, 
most of them are pear-shaped. They have a semilunar hilum, and faint 
complete rings. The measurement is about •OdOS mm. [•00185 inch]. 

Urrie-rnot .—The starch granules are of a characteristic, elongated, 
oblong shape, with a faint hilum. Measurement •028 ram. [•0011 inch]. 

Turmeric has oval, oblong, eonioal granules, with the rings wtll marked 
and incomplete. Normal measurement *0376 mm. [•OOHS inch]. 


DIVISION II. —Staeohes bhowino no Iridespenoe, or scaboely any, 
WHEN Examinee by PotiARiaED Light and Selenites. 

Cl, ASS TI .—The concentric rings all hut invUiUe; hilum gtdlate. To this 
group belong fhe starches of the bean, pea, make, lentil, dart, and nutmeg. 

The nucleus of the Leguminosee is seen usually as a long, more or less 
stellate, air-611ed black hollow. The ooncentric layers are recognisable if 
the starch is treated with chromic acid. 

The starch from the bean, pea, and lentil are in shape oval, oblong, and 
almost identical; but both the bean and pea have a stellate hilum, whiitt 
tliat of the lentil is a long depression. The granules of the bean are of Sffk 
kinds, large and small; the large are fairly uniform in size, averaging 
H)343 mm. [•00136 inch] and are bean-shaped, the small are nearly round; 
those of the pea are variable in size, ranging from •0282 to '0177 mm. 
[•00111 to '0007 inch], the smaller size predominating. Tips lentil granules 
average *0282 mm. [•00111 inch]. The granules of the nutmeg are of 
small size and of charaoteristio shape. Measurement not exceeding '012 
mm. ['00047 inch]. The starch from, the dari is in small elongated 
'hexagons; average size 0188 mm. ['00074 inch]. The'starch from make 
varies in shape from round to polyhedral; the granules are the same size 
os those of the dari; the distinguishing mark is the rounded angles of the 
polygonal granules. 
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CI,A8S III.— /Sterrfteg having bnth ihe eonemtm ringa and hilum iuvmUe in 
the majority of gramdea. Thia mportant claaa inclvdea wheat, harhy 
rye, rJieatnut, aeom, and a variety of atarchea derived from medicincd 
plania, auch aa jalap, rhubarb, aeneya, e.tr,., etc. 


Wheat dareh is extremely variable in size, being from '0022 to -052 
nm. ['WOOD to '0019 inch]. The granules are circular, or nearly so, and 
Jattcned. Polarised light shows a cross, but in water the effect is not 
{Teat. 


^anules of barley are of fairly uniform size—viz., -0188 
mm [ 00073 inch], but a few measure -07 mm. The shape of the starch 
8 that of slightly angular circles. 

ffye.—llyo starch is similar in shape to barley starch. The measure- 
neiits are from -0022 to -0375 mm. [-00009 to -00148 inch]. The small 
^raimles are perfectly round, and here and there cracked. 

Ctieatnut.—’Ihe starch grains vary much in form; they are round or 
elliptical, or three- or four-angled, with the angles rounded. In the place 
of a nucleus there is almost always a central hollow filled with air. The 
size is small and regular-, being from -0022 to -022 mm, [ 00009 to '0009 
inch], and this regularity of size is the chief means of distinction. 

jlcOTTi.—The starch granules of the acorn are almost round, or round- 
oval. A nucleus may be made out after treatment with chromic acid, 
eccentricity J. Normal measurement *0188 mm. [‘00074 inch]. 


Class it'. —All ihe grantdea trunrMed at one end. Tim clnaa inrludea 
aago, tapioca, and arum, beaidea aeveral druga—viz., the atarehea from 
belladonna, eolrhieum, acammony, podophyUum, canella, aconite, eaaaia, 
and cinnammi. 


Sago.—k starch obtained from the pith of certain species of palms, 
especially Sagua levis and S. Sumphii. It exists in commerce as raw and 
aepr^ared sago; both have oval-ovate granules, the normal measurements 
of which Me from ‘0282 to -0660 mm. [-00111 to 0026 inch]. There is a 
, circular hilum at the convex end of the raw sago granules, and rings are 
faintly visible j but starch granules from prepared sago have a large oval' 
or circular depression, covering nearly one-third of each granule. 

Tapioca is a starch furnished by the Mafdhot utiliaaiina, which is more 
or less altered by heat, having been dried on hot plates. This causes some 
of the grannies to swell, and thus renders indistinct in some oases the 
original str^ure. The starch is in groups of two to eight, or in isolated- 
gronules. When wting on its flat surface, the granule shows a little 
circle, and round this is a broad flat zone; but if resting on its curved surface 
the granule shows contours varying from a kettle-drum to a sugar-'- 
loaf shape; and it can then be recognised that the nucleus does not lie in 
the centra but in the axis of the granule, and always nearer to the curved • 
than to the flat surface. ‘A conical hollow exists under the nucleus, filled- 
with a substance slightly refracting light. The normal measurement is 
from 0140 to -01879 mm. [-00056 to -00074 inohj. 

Arum atarch, sometimes called arum arrow-root, has somewhat smaller ■ 
grains than tapioca; they are truncated by two facets; the hilum k i 
; i^entrio. The normal measurement is about ’♦14 mm. [-00056 inch]. 
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Class V. — In this eUm all the gmnulee are angular in form ; it indudee oats, 
taera, rice, and pepper, as well as ipecacuanha starch. 

Oat Starch nr Meal .—The starch of the oat is mostly |)olyhedral, being 
irregularly from three-to six-sided—'0044 to "03 mm. [00017 to '00118 
inch]. The principal starch with which it has been found adulterated is 
barley; but groat caution must be used, for oatmeal contains little round 
masses extremely similar to barley. 

Taeca wrowroot, also called Tahiti arrow-root, is extracted from the 
Taeca Oeeanica and pinnatijida. The granules, when viewed sideways, 
are muller-shaped, with truncate or dihedral bases; when seen endways 
they appear circular, occasionally angular or polyhedral; sometimes a sort 
of ooutractiou gives them a subpyriform appearance. The hilum is well 
developed, often starred. The normal measurement is froxi '0094 to ’0190 
mm. [‘00037 to ‘00075 inch]. It may be confused with maize starch, but 
taeca has sltarp angles; maize, romuied. 

Rm Starch .—Each individual grain is polygonal, mostly five- or six- 
sided, here and there three-sided. If a high magnifying power, such as | 
or .jj, be used, a starred hiliiai may be seen. The normal measurement is 
from ‘0050 to ‘0076 mm. [‘0002 to ‘0003 inch]. 

Pepper. —The starch of pepper is in small polygonal granules, each of 
which, with a high magnifying })Ower, is seen to possess a hilum. The 
normal measurement is from ‘0050 to ‘0005 mm. [‘0002 to ‘00002 inch]. 

§ 81. Vogel has given the following table to assist in the diagnosis of 
different starches;— 

A. Oranules, Single throughout, bounded by Bounded Surlhcee. 

I. Nucleus central, layers concentric. 

(».} For the most part round, at the side lens-sha]ied. 

Nucleus round or a radiating slit. 

(1.) Large granules, 0‘0398 to 0‘0628 mm. [‘0016 to ‘002 inch]—RYE STARCH. 

(2.) Large granules, ‘0862 to ‘0396 mm. [‘0013 to ‘0016 inch]—WHEAT STARCH. 
(3.) Large granules, ‘0284 mm. [‘001 inch]—BARLEY STARCH. 

(A) Egg-shaped, kidney-shaped, mostly a long, often a ragged slit; diameter of starch, 
032 to ‘079 mm. [‘0012 to ‘003 inoh]-UEGUMINOUS STARCHES. 

II. Nucleus eccentric, rings markedly eccentric or monisoua-sliapod. 

(a.) Granule not Rattened, or only slightly. 

(1.) JNueleus mostly at the smaller end, ‘08 to ‘10 mm. [‘0023 to ‘0039 inch]—PCTATC 
STARCH. 

(2.) Nucleus mostly at the broad end or towards the middle, *022 to ‘060 mm. [‘0003 to 
‘0023 inch}—MARANTA STARCH (W. India arrow-root). 

(6.) Granule more or less marlAdly flattened. 

( 1 .) Many of the granules drawn out mote or less at one end into a short point near the 
nucleus; at the most, ‘060 long [‘0028 inch}—CURCUMA; at the most ‘182 
mm. [‘0041 inch]—CAN NA. 

(2.) Many lengthened into a disc, bean, dr club-shaped form; nnclens near the broader 
end, ‘044 to ‘076 mm. long [‘0017 to ‘OOROl-BANANA STMCH. 

(8.) Many markedly kidney-shaped; nucleus near the edge—SOUTH AMERICAN 
ARROW-ROOT {Sisyrinddvm, galcarndts), 

(4.) Egg-shaped, one end thinning into a wedge form, placed one against the other, 
nucleus at the smaller end, ‘06 to ‘07 mm. P0019 to ‘0027 inch]— YAM 
STARCH, 

B. Starch Qranulea, Single or Compound. Single Starohee with Belation 
to the Little Oianulee they ate made of. Bounded by evan, 
mony-angled Surface*, or partly by Bpuitded Snrfiaoe*. 



-teRoi; 

I. Granules throughout msny-angled. • 

(1,) With an evident nucleus, largest 'OOdd mm. ['00026 inch]—RICE. 

(2,) Without a nucleus, the largest -0088 ram. ['00031 inch]—MILLET STARCH, 

II. Among many angular forms also some rounded. 

(A.) No drum-shaped starches present, angular forms predominating. 

(1.) Without a nucleus, very small, '0011mm. ['00016 inch]—OAT STARCH. 

(2.) With a nucleus, '0182 to '0220 mm. ['0005 to '0008 iuch]. 

(a.) Kvident round nucleus, here and there the smaller combined grannies in variously' 
^ shaped gicups—BUCKWHEAT. 

(6.) Mostly a radiating or star-slrajied fissure, none of the granules united—MAIZE. 

[B.) More or less numerous drum-shaped to sugar-hat shaped granules. 

(1.) Numerous eccentric layers. Largest granules, '0220 to 0362 mm. ['0008 to ■0011 
inch]—BATATA STARCH. 

(2.) Without ciiucentrio circles, '008 to 022 imn ['0003 to'0008 inch]. 

(a.) The slit of tife drnm-shaiied particles enlarged towards the llattened side, '008 to 
'022 mm. ['0003 to 0008 inch]—CASSAVA STARCH. 

(6.) Slit wanting or not large. 

(aa.) Nucleus small, eccentric, '008 to '016 nun. [’0003 to '0006 inch]-PACHYR- 
HIZUS ANGULATUS. 

(66.) Nucleus small, central, or wanting. 

load.) Irregular inauy-anglcd forms, 009, '008 to '0176 inm. ['0003 to '0007 inch]— 
SECHIUM STARCH (Cucurbitaccte). 

(666.) Only a few angular forms, some with a radiated fissure, '008 to '0176 mm. ['OOOS 
... to 0007 inch]-CHESTNUT STARCH. 

C . Granules Single and Compound, the majority Egg-shaped and 
Bounded with Eccentric Nucleus and Numerous Concentric Iiayers, 
the Compound Hasses composed of a Large Granule and one or a 
few very Small Flattened linun-Shaped Bodies. 

^ 26 to 066 mm. ['00097 to '0026 inch]-SAGO STARCH. 

Karmarsch has determined the maximum sire of some of the starches. 
Kurmarsch’s values, as well as Wiesnor’s, are arranged in the following 
Table (XIV.). They differ in a few instances from the dimensions the' 
author has given at pp. 143, 144. 

TABLE XIV. 





Karinarach. 

Wlesuer. 

Goneml nize of potato, 



mm. 

*100 

inch. 

*0039 

inm. 

•Ottto'lO 

inch, 

■0024 to '0089 

Maximum, . 



•186 

•0079 



Maranta starcli, 




0066 

•01 to -07 

■0004 to '0028 

Hugbean, Vieiafabft^ 




*0029 

•065 

•0025 

Sago, 

liubeed,. . . 




vOO'27 

•083 





•0028 

033 to '039 


Common beau. 



•063 

0024 

•067 

•0021 

Pea, 




•OOL 

•0288 

■0011 

Wheat 'dsreh. 




•0019 



Batata, . . , 




•0018 

•0369 

•0014 

Eye, 

* 




•031 

■0012 

Maize, • 



•030 

•ooi 2 

•020 

■0007 

Tapioca,. 



•028 

•0010 



Kicc, 





•022 

Barley, . 



•025 


•0203 


Millet, . 



•010 


•009 
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Whbat—Wheaten Frx)TTB. 

§ 82. The wheat cultivated in this country ia the Trilkvan vutgare, of 
vhich there are two varieties—the T. asstimm, or suramci wheat, and the 
r. hyberimm, or winter wheat. The mean composition of wheat from 250 
malyses is as follows [Kvmg ]:— 


Water. 

Per oout. 

.18-60 

XitMgonoas substances, 

.12-42 

Kat. 

.1-70 

Sugar, 

.1-44 

Guiu and doxtiiu, 

.2-38 

Starch, 

.64-07 

Fibre, t . , . 

.2-62 

Ash, .... 

.1 -79 


These analyses do not include Kussian wheat. In the central parts of 
k>uth Kussia a wheat is grown which has an amount of nitrogenous sub- 


Fig. 26 is a ropreseafation of the microecopical etmoture of wheat when a fine section 
)f the seed is made, x 199. o ia the cells of tlie hrsn; 6 the cells of the thin cuticle ; c 
the gluten cells ; d the starch cells; B, wheat staioh, x 360. 



jtancoB quite uncommon—the mean of twenty-four analyses giving a per- 
aentage of 3-45 nitrogen and 21'56 nitrogenous substances.- Tlie mean 
gompbsition of the ash of entire wheat is as follows:— 


Potash, . . 

Winter wheat. 

. . . 81-16 

Summer w 
29-99 

Soda, . , . 

2-26 

1-98 

Ume, . 

. . . 8-84 

2-98 

Magnesia, . , 

. . . 11-97 

12109 

Ferric oxide, 

. . . 1-81 

•61 

Pbosphoiio acid, . 
Sulphuric acid, . 

. . . 46-98 

48-63 

. . . -87 

1'62 

Silica. 

. . . 2-11 

1-64 

Chloriae, . 

... *22 

•48 


According to the researches of M. Duvivier, of Cliartrc^ the external 
part of the envelope of the gimn is covered with fatty, odorous, and 
^trogenous matters, which are in a particular combination,, and form on 
Idle grain a very tenacious coatii^—a sort of preservative, and communi- 
oathig an odour quite em fenerii. These suteta^qes^ which an named 













cereaJin, tntieeeoHine, etc., are isolated by'treating the enure grain -wren 
cold etW, and then allowing the ethereal extract to evaporate apontane- 
oualy. However, neither the nature nor even the presence of these 
matters can be considered satisfactorily established, and further investi¬ 
gation seems necessary. 

§83. OomHtue.nis of Flour.—Flour, ia the common acceptation of the 
term, is ground wheat freed from “bran. 

The physM eharaderg which flour should possess are as follows:—It 
should be an almost perfectly white, fine powder, with only the slightest 
tinge of yellow, and it should be free from acidity; the odour should be 
sweet. It should exhibit no trace of bran when pressed smooth by means 
of a polished surface; and it should have a certain amount of oohosiveness 
sufSoient to retain for some time any shape impressed upon it by squeezing. 
The mioroscopiqpl characters of good flour are; the absence of foreign 
starches, of fungi, etc., and the presence alone of the elements of ground 
wheat. (See pp. 143, 144, and 145, for measurements of the starclies.) 

The chemical composition of ground wheat is represented in the follow¬ 
ing table, giving the mean of fourteen analyses by Peligot;—* 


Water. 

Fat.. 

Nitrogenoufi matter iusuluble in water, 
Soluble nitrogenous matter—albumen, 
Soluble non-nitrogenous matter—dextrin, 

Starch. 

Cellulose. 

titeli,. 


Mean of 

Extremes. 

14 analyses. 

Max. 

Min. 

14'0 

15-2 

13'2 

12 

1-9 

1-0 

12*8 

19-8 

8'1 

1*8 

2'4 

1-4 

7-2 

10-5 

6'4 

597 

667 

55'1 

17 

2'8 

1-4 

1'6 

V9 

1-4 


The percentage of ash from the whole wheat is much higher than that 
of ordinary flour, the bran containing much ash. Thus, 1(^0 parts of bran 
contain— 


Water, . 

Albumen, coagulated, 
Fat, . . . • 

Husk and a little etamb, 
AsJi, 


Per cent. 
IS'l 
19-3 
4'7 
B6-6 
7-8 


Tlie analyses of Millon“ and Kckuld give the following:— 


Starch, 

Gluten, 

Sugar, 

Fat, . 
Wood fibre, 
Salta,. 
Water, 


Wheat hnn. 
HUIodv Kami. 


62-0 I OT.O 

11-9 I 
VO 

8'6 4-1 

9-7 9-2 

5-0 66 

18-8 18-8 


whilst 100 parts of flour. 

Water, . 

Fat, : 

Gluten, etn., . 
Starch, etc., . 
Ash, 


according to Wanklyn, contain— , 

Per cent 

.16-5 

.V2 

.12-0 

.69-6 

■. '7 


t Aooording to Church, Indian wheat eontaina IP'8 to 167 per cent, o 
albuminoids, me average beiqg 18'6 (Food Oraim of India). 

0 Comntu nodus, zzviit', P. 40. • 
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C. O’Sullivan \Jourml Ohgm. Soe., Trans., xli., 24] has described two 
varieties of starch found in barley, wheat, and rye, under the names of a 
and /3 amylaii. 

The principles of separation are briefly as follows:—^The finely ground 
grain is freed from sugars, certain albuminoids, and other substances, by 
al(mhol (specific gravity ‘90), the residue is then treated with water at from 
36 to 38“ C. for several hours. The solution is filtered and evaporated 
until it becomes feirly thick. Alcohol of s])ecifio gravity '83 to '84 is now ^ 
added to complete precipitation; the precipitate is purified by repeated’^ 
treatment with alcohol, and a dry, friable substance obtained which is an 
impure mixture of a aud fi amylan. 

The substance is purified by (1) treatment with cold water which 
dissolves out the p amylan, (2) dilute hydrochloric acid which dissolves 
out traces of mineral matter, and (3) solution in boiling water, filtration, 
and precipitation by alcohol. By repetition of these processes a suow- 
. white body was obtained, which only gave ‘3 per cent, of ash, and had the 
percentages of C, H, and 0 of a starch. 

a amylan is nearly insoluble in cold water, it gelatinises in water, and 
in 2 per cent, solution forms a clear, jelly-like fluid. A solution contain¬ 
ing 1 per cent, of dry substance has a specific gravity of T00396, and in 
a 200 ram.-tube an optiial activity at 16*‘6 C., equal to [aj^ - 24°. 

It does not reduce alkaline copper solution, and is converted into 
dextrose without yielding any of the intermediate products furnished by 
starch. /S amylan obtained from the cold water solution of the impure 
mixture of the amylans, by precipitating by alcohol, aud purified on pretty 
well the same lines as Wore detailed, is a snow-whito body soliiUo in cold 
water, and having ah optical activity three times as greiit as a amylan, aud 
yielding by treatment with lime a bi-rotatory body. 

Biirley contains about 2 per cent, of o amylan, and 0-3 per cent, of fi 
amylan. Wheat and rye contain from 2 to 2-6 per cent, of p amylan, aud 
from ‘0r> to "1 per cent, of a amylan. Malt does not contain a amylan, 
but a body like p amylan, but more soluble. 


Determination of Nitrogenous Matter. 

The nitrogenous matter of the cereals has been usually determined by 
a combustion and subsequent estimation o^ the nitrogen. Mr. Church has, 
however, shown that this method of esti^tion is not perfectly reliable as 
a measure of the flesh-formers, or albuminous matters properly so called. 

In a valuable series of researches on this point* with regard to wheat, 
barley, and oats, Wigner was one of the first to show that these nitrogenous 
flesh-forming constituents had been over-estimated, since nitrogen com¬ 
bined in other forms than proteid was present in larger quantities than 
had Ireen hitherto supposed. This is more especially true as regards the 
husk and bran, very little non-coagiilable nitrogenous mat^r being con- . 
tained in the flour properly so called. These analyses wert carried out as 
follows;— 

60 grains of the sample were ground in a warm porcelain mortar with 
enough carbolic acid to form a paste. Two or three drops of dilute acid ' 
were added, and file ^te then diluted with hot oarboHc acid and allowed 
to cool, filtered, and the filter washed with carbolic acid of the same 
' strength. By this treatment all the true albuminoids were coagulated and 
remained in the filter, wbjle any nitrogenous nmtter, either as nitrates, ,■ 
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nitrites, alkaloids, or gluten, passed through the iUter. The residue in the 
filter was washed down into the point as far as possible, and the filter 
dried; the residue detached, and tho filter itself finely shredded with 
scissors and ground to powder, and then burnt in a combustion-tube in 
the usual way. 

The samples were collected so as to give examples of every class of 
wheat, barley, and oats, and ground by the operator. Treat^ in this 
manner, Mr. Wigncr found that 17‘7 per cent, of the total nitrogen in 
wheat, 17'6 per cent, of that in oats, and U-7 per cent, in that of barley, 
a 4 an average, deduced from the examination of fifteen samples of each, 
was present in such a form as not to be capable of coagulation by carbolic 
acid. The extremes in various siimples differed widely, and it would 
appear os though wo may have by this process a method of distinguishing 
the nutritive vajfie of one sample of grain from another.' In a research 
by tho senior author, the nitrogen as nitrates in tho bran was estimated 
as '0071 gnu. per cent.; peptone was precipitated by phospho-molybdio 
acid, and found to exist hi tho proportion of about '76 per cent. In whole 
meal the nitrogen as nitrates was -043 per cent., the peptone I'OO per cent. 

Wcinwurm^ has made a similar research hj a different process; 10 
grms. of the substance were treated with 200 c.c. of water and 0’5 c.c. of 
acetic acid, the whole warmed twenty minutes on the water bath, the 
solution cooled, made up to 500 c.c., and in 60 c.c. the soluble nitrogen 
estimated. Weinwurm erroneously calls this ‘ amido-nitrogen ’; but it is 
obvious that tlie solution will contain other forms of nitrogen than amido. 
The results differ from Wigner’s because of the difference in the process. 

The vast impnivcment in modprn mills worked with steel rollers 
separates Vheat into nine varieties of flour and three varieties of bran of 
different degrees of fineness. Weinwurm ascertained the soluble nitrogen 
in all these qualities, as well as other principles; his results .are contained 
in Table XV. Tho fineness decreases from Nos. 0 to 9; and it is clear 
that the finer tho flour there is less nitrogen, more starch and less ash. It 
hiis also been ascertained that coarse flour is more digestible than fine. 


TABLE XV. 



Yield. 

Water. 

Iniolttble 

N. 

ikiluble 

K. 

Fat. ; 

1 

Htarclt, 

etc. 

Fibre. 

Alb, 

wheat, . 


18-87 


2-93 

1-98 



2-09 

Flour, No. 0, 

6-0 

12-56 

8-88 



87-26 

Trace 

0-47 

1 

” 

U'O 

1-2-S4 

8-82 







6-0 

12-48 

8-87 

2-95 

0-97 

88-68 


0-62 


4-0 

12-50 

8-84 

2-89 

1-06 

86-67 


0-56 


fi-O 

■Mil 

8-76 

3-17 

1-10 

86-45 


0-58 

II II ^ 

6-0 

12-48 

8-84 


1-16 

86-86 


0-66 


4-0 

12-89 

9-88 


1-17 

86-87 

0-02 

0-66 

” ” 7| 

T2-0 

12-86 

9-82 


1-28 

iKhEOl 

0-09 

0-74 


a -0 

12-41 

■Ml 

8-22 

1-80 

84-55 

0-06 

0-81 


6-0 

■Ml] 

12-56 

2-72 

1-91 

81-52 

0-08 

1‘21 


5-0 

11-72 

14-34 


3-61 

76-90 

1-02 

2-28 

„ 9. 

S'O 

. 10-64 

■1141 

2-66 

KEa 

74-20 

1-65 

2-66. 

Fine bran, . 

16 0 

11-35 

- 18-60 

3-06 

' 4-64 

63-64 

8-71 

6-66 

Hedinm fine brau, 

2-0 

11-65 

i 18-38 

1 2-72 

3 06 


9-08 

6-89 

Coarfie bran,. 

20 

12-37 

1 18-44 

1 8-17 

3-46 

1 62-13 

9-79 

8-01 


' See jinalyat, July, August, 1878. 

’ CaUrr-Ungar. Ztuhr. f, Zuekerinduairit usXandw., 1880, Heft if. 
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A gitnilar more recent research has l^een made by Professor Snyder* <rf 
the University of Minnesota, on experiments on bread which necessitated 
careful analyses of tlie difibrent forms of flour. 

In order to avoid the error inseparable from analysing the varied mill 
products of ditferent varieties of wheat, various flours wore extracted by 
the process of milling from the same wheat. 

Hence the analyses allow, with greater accuracy than heretofore, the 
composition of the .several kinds of flour which may be produced by the 
most modern mid improved system of ‘ milling.’ ^ 

Tlie explanation of the various terms is as follows;— 

b'ird 1‘idviil Flour. —This is the highest grade of flour. The gluten having 
considcriihlo power of expansion, it pnidnces a very white and large loaf. 

Hrrmil Pdlait Flour.- Similar to the iirst, but not quite so white. 

kitamhird Pafnit Flmir. —Ordinary flour as found ip the American 
market, and formed of a mixture of the first and second patent. 

Vint Clear Crude Flour. —This contains slights more protein thim the 
flours described above, but a])pirently docs not contain the right pro- _ ■ 
portions of gliadin and glutoiiin to produce so good a quality of bread as 
the patent flours. 

Second Clear Grade or Loto Grade Flour, —This, in tho process of milling, 
is only separated in small quantity, about O’b jier cent. It contains a high 
percentage of protein, but it does not make good bread, the gluten being 
of poor quality. _ 

Red Dori Flour. —^This consists largely of tho germ or ^ibryo and 
adjacent portion of the wheat, and contains a relatively high proportion of 
protoin. It is distinctly coloured, and produces a sm^l dark coloured loaf. 

Middlinge or Skoris. —This mainly consists of fine bran. * 

Bran. —The episperm or outer covering of the wheat. 

Kniire Wheat Flow. —This must not be considered as denoting literally 
what its name indicates. A portion of the bran is removed, and then the 
rest is ground. 

Graham Flour. —The entire wheat kernel, bran included, is ground 
into meal. Hence this might truly have been called ‘ entire-wheat flour.’ 
The presence of the bran prevents the meal being finely ground; hence it 
contains many coarse products 

Wheai Ground in Laboratory. —This is tho wheat from which the above 
products were derived. The wheat was a hard Scotch Fife spring wheat, 
plump and of good quality, weighing 60 pounds to the bushel.' 

Gluten Flour. —A flour ooutaining as high a peroentago of protein as it 
is possible to obtain by the ordinary roller-process rolling. 

The acidity in tho Table XVI. is calculated as lactic acid. The value 
for proteids, it will be observed, has been calculated by using the factor 6’7 
instead of the usual one of 6‘-25. The ash increases fromrthe first patent 
.up to the ‘bran,’ so that with regafd to ftoure deriw|^om the same 
sample of wheat the different grades of flour can be derifflMwd by a simple 
determination of the ash. ' 

Chemically the lower grades have a higher ^^SpHive value, but 
physiologically the experiments of Snyder and otherS^mw that the protein 
(ff the lower grades is in such an insoluble form that it passes away 
undigested, and that the higher grade flours are more nutritious. 

The nitrogenous constituents of flour comprised vinder the name of 

> Studies on Bread and Bread-making at the Univereity of Minnetota in 1899-1900. 

By Hany Snyder, B.S., 'Washiagtott, IWl. 



gluten are probably, from tiie researohos of T. Wcyl and Bischoff,* not 
readily formed in the flour, but the result of the action of a ferment 
like myosin, which, however, lias not been isolated. This theory would 
acoount for the fact that (as observed by Mitsoherlich and Krooher) wheat 
in which no sugar could be found before being sent to the mill, on being 
moistened and ground yielded as much as 4 per cent, of sugar. 


TABLK XVI.—CoMrosmoN, Aoiditt, and Hisats or Oohbdstion of Fiouits 
AND OTHF.K JilLLINO PRODUCTS OF WHEAT. 


• 

Water. 

ua 


i 

« 


1 


Heats of 
combustion. 

pr- uct. 

• 

1 

■g 

1 


U 

i 

1 

Aciditg 

•d 

1 

•d 

% 

I 

1 

Kirat patent Hour, 

10-55 

11-08 

1-16 

76-85 

-37 

-16 

•08 

8-989 

4-032 

Second patent flour, 

10-49 

11-14 

1*20 

76-76 

-42 

-17 

•08 

8-992 

4-006 

Stu^ht or standard 










pkteut flour, 

10-54 

11-99 

1-81 

75-36 

-60 

-20 

•09 

4-022 

4-050 

Firntolear grade, . 

lO-l.! 

13-74 

2-20 

7318 

-80 

-34 

•12 

4-087 

4-097 

Second clear grade, 

10-08 

16-08 

3-77 

69-37 

1-76 

-66 

•27 

4’153 

4-267 

‘Eed Uog’flour, . 

9-17 

18-98 

7-00 

61-37 

8-48 


•69 

4-849 

4-486 

Shorts, 

8-73 

14-87 

6-37 

65-47 

4-58 


•14 

4*219 

4-414 

Bran, .... 

9*99 

14-02 

4-39 

86-54 

8 06 

2-20 

•23 

3-988 

4-198 

Entire wheat flour. 

10-81 

12-26 

2-24 

78-67 

1*02 

•64 

•82 

4-026 

4-03-2 

Qrahani flogr, 

Wheat ground in labora- 

801 

12-66 

2-44 

74-58 

1-72 

•71 

•18 

4-128 

4-148 









toy. 

8-60 

12-65 

2-36 

74-69 

1-80 

■76 

•18 

4114 

4-140 

Gluten flour. 

8-57 

16-36 

3-16 

70-63 

1-29 

... 

■14 




OltUen may be obtained by merely kneading the flour into a paste, and 
then washing all the starch out of the paste in a thin stream of water. 
For this purpose a rose with very fine holes may be fixed to a water tap, 
the flour made into a paste with water, the paste spread out on a rather 
fine hair sieve, and the streams of water made to play upon the paste, 
which is gently kneaded. Wlien all the starch is washed out, the effluent 
runs almost clear. As thus obtained, it is, in the moist state, a yellowish' 
grey, very elastic, adhesive mass; and when dry, somewhat horny. It 
dissolves for the most part in alkaline liquids and in acetic acid. 

The ProtekU of Wheat Flour .—The researches of Thomas 6. Osborne 
and Isaac F. Harris® show that thel^.are at least five proteids in wheat 
flour. These are:— 

1. Gliadin, soluble in 70 per cent, alcohol but insoluble in neutral 
aqueous solutions. 

2. GWenia, soluble in very dilute acid and alkaline solutions, but 
insoluble in neutral alcohol or neutral aqueous solutions. 

3. Leacosin, a proteid similar to albumin, coagulating at from 60° to 60°, 
and soluble in pure water. ’ 

i. Olobtdin, soluble in dilute salt solution and coagulated by heat. 

6. Proteoee, or a mixture of proteoses, soluble m water and not 
xjagulable by heat. 

* Ber. ier4eut;$ch. them, ffmllaciqfl, 1880, p. 1044. 

• J /Miiam Joamdl Fh^toff^, xviia 
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Gliadin is separated from the gluten, after washing out the starch, by 
> digesting it with strong alcohol so as to make with the water of the gluten 
a strength of 70 per cent. The alcoholic solution is filtered, concentrated 
to a thick syrup, and then poured into a large volume of water containing 
a little salt, cooled by ice. The precipitated gliadin is separated and again 
dissolved in strong alcohol, and the process repeated. Finally, the gliadin 
is exhausted by ether, dehydrated by absolute alcohol, and dried over 
sulphuric acid. Thus prepared, glia<lin is a snow-white mass easily 
reduced to powder. If the alcoholic solution is slowly dried, gliadin may 
be obtained in clear transparent larninte, similar in appearance to gelatin. 
It was formerly called plant-gelatin. The yield of gliadin is from 60 to 70 
per cent, of the gluten. 

The gliadin both of wheat and rye has the same elementary composition, 
containing 62'7 per cent. O; 6'8 per cent. H; 17-7 per cent. N; I'l per 
cent. S; 21 "7 per cent. 0. 

Ulutenin is obtained, after extracting the gliadin, from the same 
gluten. The residue is exhausted with absolute alcohol and afterwards 
with ether; the insoluble mass, air-dried at the ordinary temperature, is 
powdered and then treated with 0'2 per cent, solution of KHO, the solution 
filtered, and the filtrate exactly neutralised by HCl. The precipitate is 
collected, treated with 70 per cent, alcohol to remove traces of gliadin, 
digested in absolute alcohol to dehydrate it, and ultimately dried over 
sulphuric acid. The yield is from 30 to 40 per cent. The elementary 
composition of gluteuiu is 62‘34 per cent. C; 6‘83 per cent. H; 17'49 per 
cent. N; 1‘08 per cent. S; and 22‘26 per cent. O. 

Leucosin is obtained from a watery extract of the flour by precipitating 
with an equal volume of saturated afltmouium sulphate solution; 'liltering the 
precipitate off, dissolving the same in water, again filtering and then beating 
the clear solution to 65° luid iiltoriug off the coagulum. The coagulum is 
washed with hot water, then dehydrated by absolute alcohol and dried; it 
forms a white powder, which, as before stated, is similar to animal albumen. 

Osborne and Harris have also studied the hydrolytic products of the 
three chief proteids; their process was mainly that of Kmil Fischer, viz. 
treating with HCI of sufficient concentration, heating for many hours, then 
cooling by means of ice, and saturating the HCl solution with hydrochloric 
acid gas; the saturated liquid was left cooled by ice two days, and the 
deposited glutaminic acid separated by filtration. The residue was 
eva^rated under diminished pressure to a syrup, the syrup treated with a 
considerable quantity of alcohol saturated with hydrochloric acid gas at a 
low temperature. This operation was repeated twice'; the final acid syrup 
was alkalised at a low temperature by potassic carbonate, and the esters 
extracted by dry ether. The amino-acid esters were next partially separated 
by fractional distillation at reduced pressure, which, as Fischer has shown, 
is a convenient method; for instance alanine ethyl ester boils at 48° under 
11 mm. pressure, ethyl o-amino-butyrate boils at 67°‘6 under the same 
pressure; t'-ethyl-leucine boils at 85°‘5 uuder 12 mm. pressnre; such esters 
are easily hydrolised by boiling with baryta water. 

It will be observed in the following table that gliadin yields neither 
glyeocoll nor lysin, that it yields less than half the alanine given up by 
glutenin and leucosin, that it has but little tyrosin or bistidin, and that of 
the three proteids it produces by far the greatest amount of glutaminic acid. 

An examination of the following tabular statement will show aimilar’ 
distiaolave features with «egard to glutenin and leuoosju. 
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The bases were separated and identified by the method of Kossel.' 
results of the inquiry were as follows 


Glycocoll,. 

Alanine (CHaCIl(NlUCOOH), . 
AmiiiO'valerianic acia, 

Louciii. 

ft-PixiIiii (Pyrroline-2-Car boxyilic acid), 
Phenyl-alanmofCJIjCH2CU{NH2)COOH), 
Aa|)aragiiiic acia, 
yGlutaminic acid, 

Serin (amido-lactic acid), . 

Tyroain,. 

Cystin,. 

Lysin (a.‘C. diHmidn*caproic aoid), 

Hiatidin (GAHsN^y),. 

Argiiiin (CbH, 4 N 40 ^, 

Ammonia,. 


Th 


Glltulin. 

Glutenln. 

T.enc08ln. 

Pur cent. 

For cent. 

Fer cent. 

••• 

0-89 

0-94 

200 

. 4-66 

4-46 

0-21 

0-24 

0-18 

6-61 

5-95 

11-34 

7-06 

4-23 

8-18 

2-35 

1-97 

8-83 

0-C8 

0-91 

3 36 

37-33 

23-42 

6-78 

0-13 

0-74 


1-20 

4-20 

8-k 

0-45 

0-02 



1-92 

2-76 

0-61 

1-76 

2-88 

3-16 

4-72 

6-94 

6-11 

4-01 

1-41 

60-80 

69-68 

60-27 

(ortant ratio between 

the total 


Total, 

W. Mayer has discovered a vcrj 
phosphoric acid in wheat and corn generally, and the total nitrogen—1 
part of phosphoric acid corresponding to 2 parts of nitrogen; the extreme 
variations do not appear to bo more than from 1 : rSS to 1 ; 2"19. 
Ritthausen, U. Kreusler, and I’ote have, however, found that in wheats 
very rich in nitrogen the proportion may be—phosphoric acid 1 to 1'31. 


Analtsts of FiiOun. 

r in this country is pretty well free from organic admixtuie; 
but cfises Ottur in which there has been found some one or other of the 
following s^s •.—Melampyrum arvenm [Scrophulariaoes], L-jehnie githago, 
Loliiim iemidentum; or, in bad Reasons, ‘blighted’ and ‘erjjotised’ com 
ground up with good corn. 

The Meiampyrum arvense, or purple cow-wheat, is a not uncommon 
flower in cornfields. A chemical test is as follows;—About 16 grms. of 
the flour are made into a soft paste with acetic acid, diluted with double 
its volume of water. The paste is freed from water and acid by a gentle heat. 
It shows on section a coloration, violet or purple, according to the quantity. 

C. Hartwich found a rye bread which was of a violet colour. An alco¬ 
holic extract of the flower showed an intense green colour, and sulphuric acid 
gave a blue play of colours. The seeds not only of Melampyrum arvenee, but 
also of M. LrutMum, RhinarUhus hirsutus, AMorolophus major and minor, 
Euphratia odmtviit, and Pediculari» palmtrie, all give a violet colour to 
br^, and probably contain the same colouring-matter—rhinanthin.* 

The Agroefemma, or Lychnie githago^- the common corn-cockle of our 
fields—is without doubt poisonous, containing a glucoside,' saponin.’ The 
seeds in shape not unlike a rolled-up caterpillar, and the surface is 
beset with regular rows of little warty projections. The microscopy of the 
seed is very characteristic (see fig. 27). 

The surface of the testa shows very large .(•! to -fi mm. diameter) 
thickened cells, forming on the surface branching tubercles; beneath are 

t ZtU,/. phyaioL Chm., zxzviL 

• AreWt) dtr Pharmaoit, 217, p. 280. 

• The plant belongs to the naa order Oaryophyllaaa, or clove-worts; the flower ie 
d largo and purple; the stem diohotomone, from 2 to 8 feet high j the calyx is coriaoeons, 
'-ijftSed, with S linear lanceolatij constantly erect, patent, verv lone sesmente. etvlea 
^^;i®n!Sy, capsnla 5-toothed. 
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two rows of a regular parenchyma resting on a thin epithelial membrane 
composed of flat cells, most of which exhibit a peculiar striation; next 
comes the endosperm, composed of ordinary large celled |)arcnchymn, filled 
witli very minute starch granules, and lastly, there is the embryo, which is 

in no way peculiar. There are, 
however, bodies scattered among 
the endosperm with which every 
food-chemist should be practically 
acquainted; they consist of egg- 
sliapcd, or spindle-shaped, finely 
granulated grains, from ‘02 to "I 
mm. in long diameter, and consist 
of masses of saponin, mucin, and 
starch. They decompose slowly in 
cold water, but more quickly on 
warming and in diluted alcohol; 
the starch is then set free, and 
exhibits the iwual molecular motion. 
These bodies are found in other 
seeds belonging to the Nat. Order of 
Cloveworts but are different in sise. 
F. Ucneko (Landto. Vermihegtai, 
1886, 6 Heft) has given the follow¬ 
ing as the maximum sizes of tlioso he has observed:—Spergula '030 mm., 
beta '057 mm., spinacia ‘64 mm., agrostemma '122 mm., hence over -07 
mm. points to oom-eocklo. ^ 

■Should the microscope indicate the seeds of agrostemma, then an 
attempt may be made to separate saponin. At least 200 grms. of the 
flour are exhausted with 80 per cent, alcohol, boiled and filtered hot; the 
filtrate is now freed from alcohol by distillation, and from fatty matters by 
shaking up with ether; after separation of the ether, the liquid is ct^jeen- 
trated to a small bulk and precipitated with saturated baryta water; if 
saponin be present, the precipitate will be composed of baryta saponin. 
This may be collected on a filter, washed with baryta water, and afterwards 
suspended in a little water, and the baryta separated by passing carbonicq 
anhydride through the liquid. ^ 

It has also boon noted that flour containing oom-oookle yields a larger 
percentage of oil to ether, and the ether extract has an acrid taste and is 
of a pronounced yellow colour. . 

Saponin (Cg^H^Ojg?) is a white amorphous powder, wifjr -a pungent 
disagreeable taste; applied to the nostrils it, excites sneezing, ft is in- 
soluhle in ether, in benzine, and in absolute alcohol; it may to some 
extent bo semrated from its aqueous splntions by chloroform; it is soluble 
in water, and a very olmracteristio feature of the solution is tbat it froths 
like a solution of soap; solutions as weak as l. p« 1000-exhibit this 
peculiarity. Saponin is procipitatwl by basic .uss^te d lead and in 
oonoentrated solution, as above detailou, by bittyta, water. Saponin is 
Iwvo-rdtatory [a]B = - 7°‘30. Concentrated sulphuric acid dissolves saponin 
with first a red-yellow cotour, changing into violet, and totef into a more 
intense red. Aooording to Schiaparelli ^ saponin has a remarkable power, 
of dissolving salts insoluble in water, e.p., a boiling aqueous- solution will 
dissolve liarium carbonate up to 10 per cent. 2 grms. given to an aduH 
> Gatelta JIaliana, nil, 482i430. 



FlU. 27.—"A section of tin; seed of fclio 
coi*n-c,ockle. tv, tlie warty projectioiiB 
of the seed, consisting of an extra- 
oitlinary thickened and convoluted 
cuticular layer; a louse parenchyma; 
e, the colonvless outer inembrano en¬ 
closing the endosjmnn (K) or seed 
proper; s(, staivh. 






will oauBe physiological symptoms, mainly consisting of nausea, diaphoresis, 
and diuresis; '5 grm. is a fatal dose for a kitten; the fatiil dose for a 
human adult is not known. 

The Lolium tenadeutum, or Danid, has been found sui an iinpiirily in 
flour. Darnel cannot be identified microscopically by tlie starch granules, 
for they arc not sufficiently charactenstio; should, however, any of the husk 
be fomid, it may be readily distinguished from wheat, lint possesses some 
similarity with that of the oat. The best distinction is that the darnel 
bran has lancet-shaped hairs, while those of the oat are more in shape like 
thj upper bill of the vulture. 

If flour contain a considerable qimntity of darnel the characters of the 
alcoholic extract assist the diagno.sis. ITie flour is digested in alcohol of 
36%; if it is )mre, the alcohol remains perfectly clear and limpid, or at the 
most takes a vejy pale-straw colour, from dissolving a little colonring- 
matter in the envelopes of the wheat, which may be in the flour, nor is the 
taste disagreeable, if, on the contrary, it oontains darnel, the alcohol 
takes a greenish hue, which darkens gradually. The taste of the alcohol 
is acrid and nauseous, and on evaporation it leaves a yellowish-green resin. 

Detection of Ergot in Flour. —It is most important to examine ilonr for 
grain matters damaged by mould, and especially ergot. A good pre¬ 
liminary test is that recommended by A. Vogel.* The flour is stalnerl with 
aniline violet, and then examined microscopically; the damaged starch 
granules take up the colour intensely. This staining will take place with 
flour damaged by any fungus, and is not a special tost for ergot. The 
best chemical method is that of Jacopy, as modified by J. Petri.® 20 grms. 
of the flour are placed in a proper exhausting apparatus, such as is desorilwd 
at |Hige 49, and exhausted with boiling alcohol until the last alcohol is 
colourless. To the alcoholic solution 20 drops of cold diluted sulphuric 
acid are added, and the liquid is filtered and examined by thospectroscopo 
in thinner or thicker layers, according to the depth of colour. If the flour 
is ergotised, the alcoholic solution will bo more or lees red, and show two 
absorption-bands in very dilute solution, one lying in the green near E, 
and a broader and stronger band in the blue between F and 6. On mixing 
the original solution with twice its volume of water, and shaking successive 
portions of this liquid with ether, amyl-alcobol, benzine, and chloroform, 
the red colour, if derived from ergot, will impart its colour to each and all 
of these solvents. Other tests luive been proposed from time to time; as, 
for example, a yellow colour developed when flour is treated with an alkaline 
solution, and the development of a smell of trimethylamine when the potash 
solution is heated. It may, however, be remarked that the yellow colour 
would not be conclusive as to the presence of ergot, for otherwise damaged 
flour will show this reaction; and as for the smell of trimethylamine, it 
may 1» noticed when certmn gummy matters are decomposing, and though 
a flour producing such an odour witii potash cannot be considered healthy, 
the odour *n itself would not be conclusive in regard to the presence of 
ergot. The presence of ergot, and of the seeds mentioned, must be re¬ 
garded, not as adulterations in the sense of a fraudulent addition, but as 
impurities. Nevertheless, an analyst would naturally certify, under the 
‘Sale of Food and Drugs Act,’ if flour sold as good flour should be found 
to contain any of these substances. 

The following substances have been fraudulently added to wheatei 

* Cfizm. Ceniy [3 f.] x., Mii. 

® ZeiMwiftfkr ami. Olam,, ISfV, pis 211-220. 
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flour:—Ryo, rice-meal, barley-meal, potato starch, the flour from various 
Leguminusa*, linsecd-meal, buckwheat, and some other starolies.* It may 
once again be said, that in England all these adulterations of floiu: arc of 
extreme rarity (with, perhaps, the exception of potato flour and ground 
rice); but there is good evidence that in times of scarcity, with broad at 
famine prices, all kinds of substances have been mixed with flour and sold. 
What has happened may occur again, and it is therefore well to know the 
chief chemical tests which have been recommended to detect even these 
uncommon admixtures. The general test recommended by A. E. Vogel 
may ho useful: The suspected flour is extracted with 70 percent, alcohol, 
to which hydrochloric acid has Iwen added, in the proportion of 5 per cent, 
of the alcohol employed. If the flour is made of cither pure wheat or rye, 
the alcohol remains colourless; it is of a pale yellow if either barley or 
oats should be present ; orange-yellow with pea flour purple-red with 
mildewed wheat; and blood-red with ergotised wheat. 

Potato Starch .—So long ago os 1847, M. Donne proposed an excellent 
test for potato starch in wheat flour. The flour is examined in a very thin 
layer under the microscope, in the ordinary way, and then, while it is 
under observation, a weak solution of pobvsh is added, when potato starch 
will begin to swell, and reach four or five times its volume, while wheat 
starch is scarcely aflected. The tost is best applied by putting a little of 
the flour on a stage micrometer; it is then easier to appreciate the alter¬ 
ation in size of any particular starch. When this method of detecting 
potato starch is combined with the subsidence process, proposed by Lecanu 
in 1849, so small a quantity as one part of potato starch in a thousand of 
wheat flour may be detected. The subsidence process is as follows; Any 
convenient quantity of flour) say 100 grtns., is treated with 40 per cent, 
of its weight of water, and the gluten separated in the usual way; the 
washing water is well stirred, and passed through a sieve to retain the 
larger suspended matters, and then allowed to rest in a conical vessel imtil 
a deposit has formed. Without waiting for the supernatant water to 
become clear, it is decanted, and the deposit mixed by stirring with more 
water, and allowed again to deposit for a short time. The water is 
decanted, and the process again gone through. By this means the final 
and lowest deposit will consist almost entirely of potato starch, which, 
bein^^f greater specific gravity than wheat, always subsides first. M. 
Robiuo, curiously enough, relies more upon a chemical identification of 
the a()ex of the cone of deposit than upon a microscopical, which latter is 
so much more decisive. The last deposit is reoommeqded to be received 
on a lump of dry plaster, the apex out off and triturated in an agate 
mortar—gloss, porcelain, and Wedgwood mortars -do not answer—and 
tested with iodine, which gives a blue colour with potato starch; but 
under these circumstances, not with wheat starch, the friction of the 
smooth agate not having been sufficient to tear the envelopes off the latter, 
H. Chevailier has also recommended a method for the detection of potato 
stqroh, based on the resistance which the wheat granule possess to the 
destruction of the outer membrane. Equal weights of flour and sand are 

To this list ‘ sawdust’ may be added, a chemical test for which has been suggested 
hyQ. A. le Soy (Awn. deOhim, anal., 1899, iv,, 219-221), 1 gnu. phloro-glucinol dissolved 
in 15 o,c. of 90-96 per cent, alcohol and 10 ao. of phosphonc acid syrup. 1-2 o.a of th« 
above reagent is placed in a poroelain dish and triturated with a lltfie of the sample. Saw¬ 
dust assumes a rose tint, gradually becoming carmine. The celluloee of the fionr only 
becoming colonnd aabKquen^ and then only slightly. 
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to be triturated with water until a homogeneous paste is formed, which is' 
then diluted and filtered; to the filtrate is added a freshly-prepared 
solution of iodine, made by digesting for about ton minutes 3 grms. of 
iodine in 60 o.o. of water, and then decanting. If the flour is pure, this 
addition will give a pink colour, gradually disappearing; whilst if potato 
starch should be present, the colour is of a dark purple, only disappearing 
gradually; by comparing the reaction with flour known to be pure, this 
difibrenoe of faihaviour is readily appreciated. 

Deteiiiim of Leguminous Starches, etc.—As previously stated, the 
leguminous starches give no play of colours when examined by polarised 
light and a selenite plate, and are thus easily detected among the iridescent 
wheat starches. By treating the flour also under the microscope with a 
solution of from 10 to 12 per cent, of potash,' it is possible to dissolve the 
starch granules af the leguuiinous plants, and leave a charaeteristic 
reticular tissue, made up, fur the most part, of irregular hexagons. The 
addition of lentils or vetches, on account of the brown colour of the seeds, 
ran only take place in minute quantity, and then could only be added to 
dark flours,^ jnferinr quality. 

Bean haricot flour, or pea flour, may be mixed up to 5 jrer cent, 
without .dsi^rting any paiticular appearance, odour, or taste. Beyond 
tbat,^ these characters are altered. Bran flour is said to give to the 
crust a mqre golden brown, which is agreeable to the eye. There is a 
principle i^ beans and vetches which, treated with nitric acid and ammonia, 
gives a red colour. The method to separate this colouring-matter from 
falsified flour is to exhaust any convenient quantity with boiling alcohol, 
and to evajorate the alcohol to a syrup. This syrup is freed from fatty 
matters by ether, and the insoluble residue exposed successively to the 
vapours' of nitric acid and ammonia. An amaranth red oolbur/lcnotes the 
presence of these substances. M. Biot has, however, stated that wheat 
from the Caucasus responds to this test although perfectly pure, so that, 
like many other reactions, it must not in itself be taken as conclusive. 
M. Marten proposed to separate legumin, and M. J. Lemenant dcs Chenais 
has modified kfiirtcn’s original process as follows:—The gluten is separated 
in the usual manner, and to the liquid containing the starchy matters is 
added ammonia, which is a good solvent of legumin. The starch is 
allowed to deposit, the liquid is flltorcd, and to the filtrate a very dilute 
mineral acid is added, which precipitates legumin if present. The legumin 
is filtered, collected, dried, and weighed. According to M. Lemenant des 
Chenais, ‘9 ot legumin in 100 grms. of flour represents on adulteration ol 
5 per cent. 

The most scientific process, which embraces« fairly complete examina 
tion of flour for the leguim'nous constitueuts, is that of Leoami:—Th< 
gluten is first separated in the usual way. The washing water, containing 
starch, soluble matters, and. legumin, if present, is pass^ through a sieve 
to separate coarse particles in susitension, and then diluted sufficient!; 
and allowed to deposit. The liquid is divided into two parte, and one pari 
is allowed to putrefy or ferment spontaneously. With pure flours th( 
laotio acid fermentation is most common; with Wrs containing iegumii 
there is a pntrid ferment^on. The other portion i^ after derantatioi 

r * Al'Spercent. Boludon of potash may be tued for tin detection of maize stsroh In floiu 
' too mgrma of Hoar are treated with 10 o.c. of enob a soiataon for 2 minutes in a test tnbi 
then nearly nentraliaed with dfiute HGl; wheat ataiclais gelatimaed, maize nmain 
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And filtration, concentrated until a yellowish scum forms on the surface; 
it is allowed to cool, and separated from the albumen which all fiours 
contain. Then legumin is precipitated by adding drop by drop acetic 
acid. IjCgumin is idetitificd by its properties. It is without colour, taste, 
or odour. When dried it is of a horny consistence, insoluble in alcohol, 
not coloured by iodine, but very soluble in potash or ammonia water, from 
which solution it may be precipitated by the addition of an acid. The 
deposit is submitted to a care^il microscopical examination, and tested 
witli iodine to colour tlic starch and leave nncoloured the cellular tissue, 
or with potash in the w.ay described on page 167. The suspended particles 
on the sieve are also examined microscopically, because they often contain 
large fragments of leguminous cellular tissue. 

The leguminous starches contain more naineral matter than wheat 
flour—for example, pea flour contains, on an average, c2'65 per cent, of 
ash; flour, '7. It hence follows that if pea flour be mixed with wheat 
flour in the proportion of 10 per cent., the ash would be '87 instead of "7, 
and it has been proposed to make this a test of the presence of such foreign 
starches, but, as the example just given shows, with moderate adulteration 
it would not be at all conclusive, and must only bo considered one of the 
auxiliary means. 

M. Rodriguez has ascertained that when pure flour is submitted to dry 
distillation in a stone retort, and the distillate is collected in a vessel 
containing water,,the latter will remain perfectly neutral. But if bean, 
pulse, or pea meal has been added, the water will have an alkaline reaction. 
This test appears of doubtful value; for, provided the distillate is alkaline, 
the alkalinity may, it is evident, have arisen from a variety of causes 
ixisides the addition ol the substances mentioned. It has also been shown 
by Bussy that certain cereals yield on distillation an acid product. 

I,.assaignu (taking advantage of the fact that haricot beans, as well ac 
beans, contain a tannin in their envelopes) adds a salt of iron, which, with 
pime flour, gives a feeble straw colour, but mixed with either of the twe 
mentioned, or, of course, with any substance containing tannin, gives variom 
shades, from orange-yellow to very dark green. 

§ 85. Detection of Alum and Mineral Matters generally in Flow. —Th< 
most important test for the detection of mineral substances generally it 
flour is, without doubt, what is known as the ‘ chloroform ’ t^t—a test 
which, it would appear, was first proposed by M. Cailletet, a pharmacisi 
of Clutrleville, in 1869, and was in England brought prominently befon 
the notice of analysts by the researches of Dr. Dupr4. 1^16 principle of th( 
method is simple and obvious. The chloroform is of' sufficient gravity tc 
float the starchy substances and allow the alum, sand, sulphate of lime, 01 
other mineral matters, to sink to the bottom. It, besides, has no veiy 
appreciable solvent action on alum, and none at all on the generality o 
minwal or saline substances. Ko solution made of sufficient specific gravity 
by dissolving salts in water, or any other means, will answer the sam( 
purpose as chloroform, because, directly the flour is moisteaefl with water 
most of the tdum is decomposed by the phosphate of potash present in thi 
flour; alum also forms an insoluble compound with the gluten. 

The method is as follows:—The tube figiued in the artiole on ‘Beer 
is taken, and a weighed quantity of the flour, from a quarter to half ( 
' pound, is placed in it, and sufficient methylated chloroform added to fom 
a thin sort of paste; Uie cylinder is closed by a stopper, shaken up once o: 
twice, and allowed to ‘ktand over nicrhL The next morning the 
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stopper’ is inserted and the cap removed; the latter will contain sand from " 
the millstones, sulphate of lime, alum, or any other mineral powder of a 
greater specific gravity than chloroform, that happened to he in the flour; 
this fluid is placed in a burette, some more chloroform is added, and the 
matters allowed again to subside; lastly, the ix)wder, with a little of the 
chloroform, is drann off into, a watch-glass, the oblorofonn evaporated, and 
the powder digested in warm water, the solution filtered into a clean watch- 
glass, and allowed to evaporate spontaneously. If alum were present 
crystals will be obtained, end these, if necessary, can be produced in court 
as a ’corpus delieti.’ Most of the chloroform used may bo recovered by 
filtration, and purified by distillation.’ 

The alum crystals may be easily identified by their form under tlie 
microscope, anil by the reaction with gelatin and logwood. It may be a 
matter of some fcnportance to bo able to say whether the alum present is a 
potash or ammonia alum. The best method of detecting this is to take 
the Hmallo.st crystal, and having previously dropped a single drop of Nessler 
solution on a porcelain slab, stir the crystal into the Nessler; an immediate 
brown colour and precipitate is produced if the alum was an ammonia alum. 
Dr. Dnprd baa made some ex})oriments as to the amount of alum which by 
this process it is possible to recover. Tliree mixtures were made, contain¬ 
ing respectively 2S, 10, and 2 grains of very finely powdered ammonia 
alum in 100 grains of a pure flour. On separation of the alum by the 
chloroform test, the residue or deposit obtained from the chloroform was 
dissolved in cold water, and precipitated by baric chloride, and the sulphate 
of baryta obtained calcuhited into ammonia alum; the result was that 27T, 
8 -21, and,114 grains of alum were respectively recovered, instead of 28, 
10, and 2 grains, which must be considered as fairly satisfactoiy. The 
sand and silica obtained by the chloroform process will be filtered off, and 
should t)e dried and weight, more especially since there has been found to 
be a relationship between the silica present and the alumina in flour not 
existing as alum, but as o^y, etc. 

The Logwood Test.—A frcshly-preparwi 'tincture of logwood becomes 
blue when alum and certain other salts are added to it; an excellent and 
readily applied test has been proposed based on this reaction. The process 
usually adopted for flour is as follows :-~ 

Fifty grms. of flour are weighed out and mixed by the aid of a glass 
rod with 50 c.o. of distilled water; to this is added 6 o.o. of recently pre¬ 
pared logwood solution, alkalised by 6 c.c. of solution of ammonium 
carbonate. If yirmrs of alum is present, the flour will become of a 
lavender-blue colour instead of pink. An approximate estimate of the 
quantity may be obtained by having a standard solution of pure alum, 1 
grm. to the litre, and adding known quantities to exactly similar emulsions 
of pure flour, and testing as before with logwood, until an emulsion is 
obtained of very simihd' hue to the flour originally tested. If the cold 
extract gives a blue tint with the logwood test, or if the flour be submitted 
to dialysis, and the difiPusate responds, alum is present as alum, and is not 
derived from dirt, clay, or hum the millstones themselves.’' The authors 
use little strips of gelatin to concentrate the alum on: a bit of gelatin 

’ Enunerling, instead of chlorofonn, uses a solution of sine sulphate, 100 gmu. of 
sino sulphate dissolved in 72'5 grms. d water ; such a solution has a ^vity of 1'48 
[ZsCLA ami. Chem., 1894, p. 40). 

* The millstones are sometimes >mended with an slum cement. This oireumstsnoe 
nffl course, &om time to time, be'utUisedfor purposes m defence. 






3 soaked in the cold extract of the suspected flour for twelve hours, it is 
hen taken out and steeped in the ammoniacul logwood; if alum is present 
he gelatin becomes of a beautiful blue colour; and the spectrum shows 
he shifting of tlie band ns described on p. 73. The same blue colour is 
>rodueed by the presence of magnesia, and clayey matters may also cause 
i bluish tint. Nevertheless, if a flour or broad does not respond to this 
est, it is certain that alum in any quantity is not present; on the other 
land, if a blue colour is produced, there is likely to be either an adultora- 
,ion with alum or some other admixture, and the sample should lie more 
horoughly examined. . 

Hermann W. Vogel' has shown that salts of alumina and magnesia can 
)e recognised by their influence on the spectrum of purpmiue. It is evident 
hat lierc is a process by which the analyst may bo assisted in his diagnosis 
if the cause of any blue colour imparted to floxtr. Pure .•purpurine gives, 
n saturated solutions, a spectrum extinguishing wholly the blue part, 
kn alcoholic solution diluted until it is of a straw-yellow colour extinguishes 
ho blue only partially, and shows two marked absorption-liands at F and 
i K (see flg. 16, p. 70). A diluted watery solution does not show these 
ibsorptiou-bands, but instead there appears a stronger absorption in the 
'reen between F and b, a weaker in the yellow from E. This reaction is 
iependent on a trace of alkali, for it Is intensified by ammonia, whilst a 
iligbt excess of acetic acid colours the fluid yellow, and then there is only 
i weak absorption. The solution of purpurine should bo prepared from 
jurpuriuc which lias been purified by sublimation, and it should be mode 
iTcry feebly alkaline. To test for alum, it is best to take the deposit from 
he chloroform process already described, and dissolve it in not ^ore than 
I C.C. of water. 2 c.c. of water are now placed either in a test-tube or a 
ittle glass coll, and three drops of a saturated alcoholic solution of 
curpurine added, and then alkaliscd by a drop of fourfold diluted ammonia 
water. On observing this solution by the spectroscope, it appears as curve 
ffo. 12, fig. 16, p. 70. A drop of the alum solution is next added; in 
lilute solutions two bands gradually appear; in the presence of half a 
uilligramme pf alum, the bands appear after the lapse of several minutes. 
Magnesia presents simiiar appearances, but is at once distinguished from 
slum by the fact that the bands are destroyed by the addition of acetic 
scid. 

Proximaie Amlym of Fltmr, 


§ f*6. The constituents of flour to be determined are— 

(1) Water. 

(2) Fat 

I Sugar, gum, dextrin, and g emylau. 

(8) Cold water extract •{ Vegetable aitaunen. 

(Phoepbate of potash. 

(4) Starch. 

(6) Gluten. 

(«) A»h. 

(1.) The mter is taken in the ordinary way; that is, by weighing care- 
hilly about 1 to 3 grms. in a tared dish, and exposing it to the heat of the 
water-bath until it ceases to lose weight. ' 

(2.) The/of, according to the researches of Peligot, must be determined 
in the pfsrfecUy dry flour, enw resulting in any other ease. 

fS.l The aid ninui is obtained bv dieestimr 10 tmns of flour in 500 



c*c< of Wfttflr, And tiltoring ftiid ovftporAting dovru ao^j u<u, lu a pisuDusi'.- 
dish. According to Waaklyn, 100 gnns. of flour yield to water— 

^ , OmiB. 

Sugar, fmm, and dextrin,.S 33 

Vegetable albumen.0 92 

Phosiibato of potuali.0 '44 

4-69 

On igniting the extract, the ash should consist entirely of phosphate 
of potash. When the weight of the ash is known, it may be dissolved in 
water, and the quantity of phosphoric acid estimated by titration with 
uranium solution; and if from this there is any discrepancy between the 
calculated phosphate of potash and that found, the ash should be carefully 
examined. ^ 

The determination of the sugar dextrin and amylan may be made by 
the processes previously described; but it is usually sufficient to obtain 
merely the weight of the cold extract and the weight of its ash. 

A method of estimating the value of flour by the amount of solid 
matter dissolved by acetic acid has been proposed by M. Robinb, who has 
taken advantage of the property which acetic acid, a'hen properly diluted, 
has of dissolving the gluten and albumen, and leaving intact the starchy 
matters. The acetic acid solution increases in density according to the 
amount of solid substances it dissolves, and he has constructed an areometer, 
graduated in such a manner that each degree represents the value of the 
flour expressed in a loaf of 2 kilometres weight. A table is sold with the 
instrument, and without doubt, although not exact enough for the food- 
analyst, tne process is of some value to the buyer of flour. The areometer 
is called ‘ Appreciateur dm Farinm.’ The acetic acid is diluted until the 
‘ appr^oiateur’ sinks to 93“ on the scale. 24 grrns. of floun of the first 
quality are taken for the assay, but if the flour is of the second quality, 
then 32 arc taken. This quantity of flour is washed successively with six 
quantities of the acid, each time using 31'26 c.c., and all the time 
triturating in a mortar. After ten minutes the whde is poured into a • 
vessel, plunged in cold water of exactly 16“ C., and allowed to remain at rest 
for an hour; the liquid is then decanted, and the ‘apprSdateur’ floated 
in it. By the number indicated, the number of loaves of bread 2 kilo¬ 
grammes in weight which 150 kilogrammes of the flour will give is at ■ 
once seen. 

(4.) Determination of the starch may be made by O’Sullivan’s method 
(a«fe, p. 13t>). 

(6.) ToM Proteidn .—^The total nitrogen may be determined by combus¬ 
tion with CuO or by Kjeldahl’s method, and the N found, multiplied by 
6'26 * from the gluten, the gliadin, and glutenin, may be extracted in the 
maimer detailed, p. 161 et seq. 

(6.) r/ie ath is beat burned in a muffle, otherwise it is difficult 
to obtain a perfect ash. It has been proposed to mix the flour 
with nitrate of ammonia, then to beat carefully, and directly 
fusion commences, to withdraw the flame. Slour can certainly 
he burnt up very quickly in this way. If this method should 
be adopted, it will be necessary for the analyst to ignite a 
corresponding quantity of - nitrate (A ammonia in a platinum 
^diab, and see whether any residue is left. Occasionally, nitrate 
* But prubably the fa^ 6’7 gives mofs exact results. 
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of ammonia may tie mot with which is sufficiently impure to cause an error 
in analysis. Flour may also be burnt up in a platinum trough in a com¬ 
bustion tube. In this case it is most convenient to begin the combustion 
in ordinary air, and then to finish in oxygen. A properly burnt flour ash 
should be below 1 per cent.; if it attains 1 per cent., mineral adulteration 
is probably present. (The method of estimating alumina and silica in the 
ash of flour is fully detailed at pages 167-169, and also the relationship 
between the silica and the alumina.) 

Legal Case Relative to Flour. 

§ 87. The following brief abstract will show the lines of defence likely 
to be adopted:— 

III the montli of Fehruary, 1880, the case of a miller summoned fot' eclliiig adulterated 
flour was heard at the Kckin^n eeseioiis. The anal^t deposed to having found alum 
in the proportion of 24 grains to 4 pounds of flour. He obtained the alum as alum by 
the chloroform process. He shook the flour with chloroform, which was a heavy liquid, 
the flour floated, and the alum sank to the bottom j it was fem what sank that he 
obtiuned oiyetals in the characteristic form of alum; ho tasted it, and it had the 
astringent taste of alum. It gave the logwood reaction such as alum gives. He placed 
about SO grains of the flour in the chloroform, and the precipitate was probably one- 
eighth of a grain. Ho let the chloroform evaporate, and so obtained the ciystais; alum 
crystallises in ootohodra of the cubical system; the alum was in the fiagmentary form 
until water was added to the deposit from the chloroform, and the liquid fllteied and 
evaporated. Silica crystallised in hexwmal prisms, and conld not bo mistaken for alum 
besides, it was insoluble in water. Hs had made an analysis for the purpose of esti¬ 
mating the quantity of alumina present, and found it was in the piiiportiou corre8]x>ndinp 
to 30 grains of alum to 4 pounds of flour. On heing asked whether clay and dirt might 
not account for the alumina, the answer was that clay and dirt might be present as a 
silicate of alumina, but it would bo insoluble in water, and would not give the reaction 
with higwood. The defence was— 

1. That the analyst was mistaken. 

2. That alum was occasionally used in Uio mill for filling up the oi-acks in the stones. 

3. That the defendant had made his flour lately from foreign giuin on account of the 
bad quality of English wheat at the lime, and there was nothing astonishing in finding 
24 grains of alum in such wheat, although jierfectly pure and unadulterated. 

An analyst was called for the defence, who did not seem to be acquainted with the 
chloroform test, but had estimated the total alumina. The gist of his evidence was that 
he could not say positively whether there was slum or not in the flour, and that he 
thought that so small a quantity of alum as could be separated fium 30 grains of flour 
could not be identified. The matter was then referred to Somerset House, and the 
Government chemists fully confirmed the presence of ilnm in the flour.* 


BltSAI) 

g 88. The term Bread has been applied to any form of flour made into 
bread, but that made from wheaten flour oa® rione be treated of here. 
Whoaten bread is the flour of wheat made into a paste with water, and 
the paste is permeated by carbon dioxide, either by adding yeast, which 
causes a true fermentation with the production of alcohol ^nd carbon 
dioxide, or the carbon dioxide is added in solution in water tb' the paste, 
as in Dauglish’s system. The explanation of the bread-making process is 
not thoroughly worked out in all ite details, but the following theory 
ag^s fairly well with what is witnessed. On adding yeast to the dough, 
it is placed on one side, at a suitable temperature, and allowed to rise, 
that is, fermentation proceeds, and there is a continual evolution.of gas; 
the starch in some degree becomes changed into sugar, which sugar is 
•Mwilysl, 1880, pp. 72-8A 
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decomposed into carbon dioxide and alcohol. The gluten prevents, or 
rather retards, the escape of the carbon dioxide, and the tension of the 
warm gas expands little cells, and gives to the bread its familiar light 
spongy appearance. The alcohol mostly escapes, and although in largo 
bread making establishments it would seem to be feasible and economical 
to recover the alcohol, hitherto no really good appliance has been invented 
for this purpose, the apimratnses which have been tried interfering with 
the baking of good bread. The outside of the loaf, when placed in the 
oven, is raised to a temperature of from 210" to 212°, but the crumb is 
seldom much above 100°. The crust is to some extent caramelised, and, 
on* analysis, shows, as might be expected, very much less water than the 
crumb. Thus, Rivot found in twenty-one samples of bread from 20'46 to 
47-11 per cent, hygroscopic water in the crumb, and 16-40 to 27-44 jxsr 
cent. in the cnist. Tracing one by one the chief chemical changes which 
the flour undergoes under the influence of the yeast-fermentation and 
subsequent baking, we consider, 

1. NitrngenoHn Mattm.—The soluble albumen and globulin become in¬ 
soluble, and can no longer be separated from the starch. There is a 
partial union totween the acid and the proteid bodies. There is a decrease 
of alcohol solnble nitrogen, an increase of water soluble nitrogen, hence 
probably some of the gliadin is rendered soluble.' In the crust there is a 
partial destruction of the nitrogenous substance. Thus, V. Bibra found— 


Cnniib, 

Crust, 


Wheaton Bread. Bfe Bread. 

Sttrogan per cent. Bitrogon per cent. 
. 1-498 1-470 

. 1-863 1-293 


2. T/if StarcJi, as already e.xplained, is in part changed into soluble 
carlro-hydrates, a portion of which is converted by the yeast into carbon 
dioxide and alcohol, but, allowing for loss by fermentation, from 6 to 8 pei 
cent, of the total insoluble starch is changed to soluble “forms. The 
amount of carbon dioxide which is evolved during fermentation and baking 
averages 1 per cent. The average amount of alcohol which can be 
recovered is also 1 jier cent., which is less than the tlieoretical amounl 
{Snyder). There are also volatile acids, such as acetic and lactic, prodtioed, 
and other organic volatiie constituents, the nature of which has not been 
determined. 

3. The Fatly Matter! are in part volatilised.* 

4. The Ash is not changed, save by the minute proportion of yeast asl 
which is added to it, an addition quite inappreciable. Further, any sail 
added by the baker increases a little its weight; but the ordinary inethoc 
of burning bread volatilises very efEeotually chlorides of the alkalies, si 
that the ash of bread is still very snaaJl. It has been said that the alcoho 
escapes, which is true with regard to the bulk of the alcohol. Alcohol 
however, has a wonderful property of adhering to organic substances, anc 
Th. Solas has shown th.at it can be detect^ in fresh bread in greate: 
quantities chan would a priori have been suspe..ted. Thus, he found ii 
six fresh samples of bread the following percentages of alcohol 


Minimum, '221 

Maximum, .. 

Mean. 

> Studies in Broad and Bread-Making, by H. Snyder, U.S. Dept of Agriculture 

in the Process of Making Broad, by L. A. Toorhoea, M.A., U.S. DepL o 
Agriflolture, Washiogtoiii 





In two of the samples a week old, he was able to detect ‘132 to '120 
per cent, respectively. On keeping bread, there is a continual loss of 
water, and it becomes ‘ stale ’ from some peculiar molecular change. That 
this staleness is not due to the loss of water is proved by the simple 
experiment of re-baking a loaf, when it becomes for the time fresh again, 
but more rapidly after this process becomes stale and is notably drier. 
V. Bibra found that a bread cannot be made fresh again if it has lost 30 
per cent, of water, but if the loss of water is below that, it then may be 
freshened by re-baking. V. Bibra found that wheaten bread lost the 
following percentages of water;— 

After 1 day. Sdaya. 7 daya 16 daya SO days. 

7-71 8-86 14-06 17-84 18-48 

The mean composition of wheaten bread, from a largo number of 
analyses collected by Kbnig, is as follows:— 


Water, .... 
Nitro^nous aubstouces, . 

Mlulmuii). Maximum. 
26*39 47*90 

Mean for Mranfor 
Fine Dread. Coarse Jiread. 
88*51 41 *02 

4-81 

8-69 

6-82 

6'23 

Kat, .... 

Sugar. 

•10 

1-00 

•77 

•22 

•82 

4-47 

2-37 

2’13 

Carbo-hydrates, 

88-93 

62-98 

49-97 

48*69 

Woody fibre, . ... 

•33 

•90 

•38 

*62 

Ash. 

■84 

1-40 

1-18 

1*09 


The ash of a properly burnt wheaten-flour loaf seldom exceeds 1-6 per 
cent., unless adulterated; anything Iteybnd 2 per cent, would be certainly 
suspicious of a mineral addition. There has recently been an agitation on 
behalf of ‘ whole meal bread,’ and analyses of the greater richness of such 
bread in azotised constituents are frequently quoted; but such a question 
cannot be decided by chemical analysis, or, at all events, by ordinaiy 
analysis, in which a few constituents are alone estimated. The question 
is rather a physiologico-chemical inquiry, and the proper way to solve the 
problem is to go on the lines of the well-known experiments of G. Meyer. 
A healthy individual is taken and fed on known weights of the substance 
experimented upon, and the amount of undigested substance recovered 
from the feeces is weighed. Meyer thus experimented on— 

(1.) Horsford-Liebig broad, which is made without the addition of yeast 
or leaven, the carbon dioxide being developed by the action of bicarbonate 
of soda on phosphate of potash. 

(2.1 Munich rye bread, prepared from rye bread and coarse wheat meal 
and leaven. 

(3.) White wheaten bread. 

(4.) North Gernuin black bread {PampemirJeel) prepared out of whole 
lye meal, and with the use of leaven. 

. ^™®tmt of dry substance, etc., absorbed in peroentages of these 
different bi-eads was found to be as follows.-— 


1. The Mack bread, 

% Horsford'Iiobig bread, 
8. %c bread, . . , 

4 . \^ite bread, 


Su1«tenoe. 

Kltrogen.,' 

-Ash. 

. 80-7 

67-7 

3-4 

. 88-6 

67-6 

61-8 

. 89-9 

77-8 

69-6 

. 94-4 

80-1 

69-8 


It IS thus shown that of the black & person would have to eat 
very much more than of white bread. The white wheaten broad was 
nearly all absorbed. Tbet this experiment was not made with whole 





wheaten meal is true, but it still unmistakably oasts some doubt on tbe " 
question as to whether whole meal would be more nourishing than pure 

white flour. , 

AUeratiom of Bread hy Motildg, el!c.—Red, green, orange, and black smts 
oooasioually appear on bread, and there are several instanoos on record of 
great damage and loss from such parasitic diseases. 

In 1856, in France, M. Poggisde was commissioned to examine 22,000 
rations served out to the French troops, the bread of which had turned 
a bluish-black. The bread had been made of inferior grain, but it also 
cqptaiiicd an enormous number of l>acteria. Bather frequently, also, bread 
and other foods have been attacked by an orauge-red growth, which has 
been attributed to a fungus, to which has been given tlio popular name 
of the red bread, fungus, its scientific appellation being Oidinm aurantiarum. 
The biood-rod pvodigioeus has also occasioniilly caused trouble in 


baherieSi 

The more common moulds of bread are the whitish W«cor mneedo, the 
green Aspergillus glaucus, and the black Bhkojrus nigricans. It hits not 
yet been established that any of the moulds or growths enumerated are m 
themselves injurious to health; but, as may be expected, they damage the 
bread, making it deficient in nourishment, and unijalatable. 

§89. Adulieraiions of Bread.—Hho adulterations of bread enumerated 
by writers are sufficiently numerous, but those actually proved to exist are 
but few. Among organic additions,—rice flour, potatoes, bean flour, and 
pea flour are usually given; among mineral,—alum, borax, sulphate of 
copper, sulphate of zinc, chalk, and carbonate of magnesia. , , , 

In 1843 and 1847, some bakers in Belgium were convicted of adding 
sulphate of copper to their bread, and this fraud was repeated some years 
ago bj a baker of Calais. There is, however, no reason to believe that 
English bakers are addicted to these piactices, and, ns a fact, no con¬ 
viction has been obtained save for the use of alum. The detdetion of rice 
flour, bean flour, foreign seeds is to be undertaken in the Mme way as 
described in the sections on flour, save that here the chemical tests are 
more useful than the microscopical. It is an extremely difficult thing to 
detect and identity most starches when they Iiave been swollen by beat 
and altered by fermentation. The only feasible course appears to be to 
mnlrn bread of flour adulterated with tlie substance suspected to bo present, 
and examine seotions and washings of such bread side by side with similar 
sections and washings of the suspected bread.* 

§ 90. Alum ia Bread.*—Alum is added to bad or slightly damaged 
flour by both the miller and the baker. Its action, according to Liebig, is 
to render insoluble gluten which has been made soluble by acetic or lactic 
acids develop in damp flour, and it hence stops the undue conversion of 
starch into dextrin or sugar. . . , » 

It will be found that generally, the medical profession believes that 
aluiii even in small doses acts injuriously on the human animal o^a,nism. 
It is certainly true that a.person may be poison-.d by taking a sufficiently 
large dose of burnt alum or of the orystalHsod solid alum, or even a large 
dose in concentrated solution. It has also been satisfactorily established 
by Siam* that if animals are treated by subcutaneous doses of alumina 
I An eioaption may, perhaps, be made to this statoment in the case of potato slaidi, 

spwlffiom, D»sr *e Ifirimji 4ss Alunimums^und ics Beryllvmns. Dorprti- 
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isaltB a peculiar nervous condition may be produced, similar to the disease 
known as bulbar paralysis. On the other hand, it is a question whether 
in the modeiate doses in which alum is taken in pastry or bread, or cakes, 
the flour of which has been mixed with alum or au alum baking powder, 
it has the slightest appreciable influence on health. Christoph Schmitz’ 
gave a dog for three weeks aluminium acetate mixed with sausage; the 
dog took in the 21 days 99 grms. of alum acetate, and gained in weight 
half a kilogrm. To the same dog was given for 120 days, each day some 
36 c.o. of a solution of aluminium acetate, the total amount taken being 
equal to 260 grms. of aluminium acetate, and the dog increased in weight 
2 kilos. Schmitz himself took, for 31 days, 16 drops of the same solution, 
the total amount eqiulling 2'4 grms. of the solid acetate, and failed to find 
his health in any way affected. 

Two young (lociors took, for 33 days, 1 grm. of the tartrate of aluminium 
also without effect. Schmitz carefully examined the urine of his exiiori- 
mental dog, but could not obtain more than feeble and doubtful evidences 
of a trace of aluminium hydrate, and he comes to the conclusion that 
aluminium compoauds in nuKlerate doses are not absorbed by the human 
intestine. 

We are, therefore, decidedly of opinion that alum in food in reasonable 
quantities is not injurious to health. 

On the other hand, the addition of alum to bread is interdicted by hiw, 
and whether alum is injurious or not, does not touch the question of 
adulteration. Proljably, in most cases, unless the purchaser is expressly 
informed that alum is in such and such a cake or such and such a loaf, its 
presence should be considered an adulteration; for no one should he un¬ 
willingly compelled to take anything concerning which he has a prejudice 
against, whether that prejudice be founded on just grounds or otherwise. 
In other words, an alumed article of food will generdly fall under section 
6, and not bo of the nature and quality demanded. 

In searching for alum, the crust and the crumb should be analysed 
separately; for many bakers use for the latter a flour technically called 
‘cones,’ which is strongly alumed, and prepared from a fine species of wheat 
grown in the south of Europe, mixed with rice. This mixture is used for 
dusting the kneading trough and kneading boards; in point of fact, for 
'facing’ the sponge previous to baking it. To search for alum in the 
crust, there is no other method save burning to an ash, as shortly to be 
described; but with regard to the crumb of bread, the qmlitaiive test is 
the same as for flour—viz., an ammoniacal tinotnro of logwood. From 
300 to 400 grains of bread are crumbled in distilled water, and a slip of 
pure gelatin added, and the whole allowed to ►soak for twelve hows. On 
dissolving the gelatin in a little logwood, to whieh its own volume of a ten 
per cent, solution of ammonium carbonate has been added, if the bread is 
pure the solution will be reddish-pjnk; if the bread is alumed, the solution 
will be blue, and exhibit the spectroscopic appearances described at p. 73. 
This blue colour is not absolutely decisive of alum, for bread* iSdulterated 
with magnesia carbonate exhibits the same reaction; but if such a colour 
is prtiduoed, the bread requires further examination. 

The authors, in some special researches, have discovered that a certain 
portion of alum may always be washed out of bread as tdam. The follow¬ 
ing {Uocess was employ^: the bread is soaked in water for at least 


’ Christoph Schmitz, IMernuHamgen titr die etmige eifUi^eit dee Aluminiumi, 
Doan, 1893. 
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twenty-four hours (about 2 litres of water are used to 100 grms. of bread). 
The bread is separated by means of a sieve, and the mass afterwaras 
pressed in a cloth, ultimate clear filtration being obtained when necessary 
by aid of the mercury pump. This extract may be concentrated in a 
platinum dish, and when cooled a slip of gelatin allowed to steep in a 
portion over night. The gelatin on being stained with logwood will 
exhibit a blue colour, if magnesia or alum is present. Another portion of 
the extract is dried and burnt up in the usual way, as in the process to 
bo described, and the phosphate of alumina separated. The jrhosphate of 
alumina is now fused with sodic sulphate, the result of the fusion being 
sodic phosphate and alumina. The sodic phosphate is washed out with 
water; the alumina boiled with a drop or so of dilute sulphuric acid; to 
the sulphate of alumina thus obtained, a little solution of ammonia' is 
added, and the s^^ioie put in a watchglass to crystallise over sulphuric 
acid. To obtain crystals in this way is often very difficult, but that alum 
is really present can bo reatlily proved by the reactions of the solution 
with reagents. By strictly following these directions, a very small quan¬ 
tity of alum can be detected. In a test oxiieriment in a sample of bread 
in which 5 grains of alum had been added, it was found possible to obtain 
1*6 in aqueous solution. 

The quantitative method for esliraatiou of the foftd alumina in broad, 
as origmally proposed by Duprd, and slightly modified by Wanklyn, is as 
follows:—100 grms. of bread are incinerated in a platinum dish, until the 
ash does not exceed 2 grms in weight. The ash is then moistened with 
3 c.c. of pure strong hydrochloric acid, and 20 to 30 c.o. of distilled water 
added; t)^e whole is boiled, filtered, and the precipitate (consisting of 
unburut carbon and silica) well washed, dried, burnt, and weighed. To 
the filtrate containing the phosphates, 5 c.c. of strong solution of ammonia 
are added. If the bread has been alumed, the phosphates now precipitated 
are those of lime, magnesia, iron, and alumina, of which the 'latter (vis., 
phosphate of iron and alumina) are insoluble in acetic acid, so that their 
separation is easy. The liquid is stronglp acidified with acetic acid, boiled 
and filtered, and the phosphates of alumina and iron washed and weighed. 
Onless the liquid has been acidified sufficiently, phosphate of lime con¬ 
taminates the precipitate and vitiates the results, so that this is an essential 
point. The last step is re-solution of the precipitate in acid, and the esti¬ 
mation of. the iron; this is usually best eitect^ by a colorimetric process. 
A standard solution of metallic iron is made by dissolving a gramme of 
fine iron wire in nitro-hydrochlorio acid, precipitating with ammonia, 
washing the peroxide of iron, and dissolving it in a little hydrochloric acid, 
and diluting accurately to 1 litre [1 0 . 0 . == 1 mgrm. of metallic iron]. On 
now adding to an unknown very dilute solution of iron a known quantity 
of strong ammon. sulphide, a certain coloui' is produced, and this colour is 
exactly imitated in the usual way by a similar quantity of ammon. sulphide 
and the standard solution, the whole operation being conducted on the 
well-known principles of colorimetric estimation. The amount of iron in 
the precipitote being known, it is calculated into phosphate, and the 
phosphate of iron subtracted from the total weight of the precipitate gives 
the weight of the phosphate of alumina. From Mr. Wanklyn’s experiments 
it would seem that in the case of bread ash, it is unnecessary to evaporate 

> It is very esey to form s ciesium almn, so that inateed of smmonis, s aolntioB 
of (fidoridie be added, the resnlt is the formation of beantifnl. well-marked 
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tne DTCioomonc solution to arjness, as is usually done, and that the 
separation of silica is complete by tbe method just detailed. 

Another perfectly Ttilid way of estimating alumina in bread or flout 
consists in a modification of the old Kormaudy process. The bread is 
burnt up as before, the ash powdered and treated with hydric chloride, 
diluted with water, boiled, and filtered. The filtered solution is again 
boiled, and whilst boiling poured into a very strong solution of sodio 
hydrate, the whole boiled, filtered, and washed. To the filtrate is added 
a few drops of disodic phosphate, it is then slightly acidified with hydric 
chloride, and subsequently rendered just altolinc by ammonia. The 
precipitate is collected, washed, and weighed as alumina phosphate. 

The following table will be of use in the conversion of phosphate of 
alumina into alum ;— 


flfOBpliutu of Alumhia, 

Ammonia Alum, 
Kll 4 AI, 2 .H 04 lsn.iO. 
Parts. 

PotaBhaAlum, 

KA1,2SO,I2H.,0. 

Parts. 

1 

= 

8-733 

4-481 

2 

sss 

7-m 

8-962 

S 

ss 

11-199 

14 - 44.8 

4 

ss 

U-932 

17-924 

5 


18-666 

22-406 

6 

= 

22-398 

26-886 

7 

B 

28-131 

3!-367 

8 

S 

29-864 

35-848 

9 

B 

38-597 

40-329 

10 

= 

37-886 

44-818 


If it is desired to separate tbe phosphoric acid, the phosphates of 
alumina and iron may be treated with six times their weight of sodic sul¬ 
phate, as before stated. Since, when operating in the usual way, the 
alumina is not recovered as alum, but as a salt of alumina, it is of import¬ 
ance to know whether alumina is contained in unadulterated flour, and if 
so in what quantity. It is certain that properly cleansed wheat contains 
no trace of alumina; but particles of clay from the ground, as well as sand 
from the millstones, do as a &ct get into wheat flour, and there is no 
second-class flour in commerce which does not contain some small percent¬ 
age of alumina. It might be expected that this adventitious alumina 
would bave some sort of relationship to silica, for it may be presumed to 
exist as silicate of alumina. We fortunately possess a few analyses by 
Dr. Dupre, and an elaborate research of Mr. Carter Bell, which will very 
fairly settle the question. Dr, Dupr4 analysed twelve commercial samples 
of flour,'none of which gave any reaction with the logwood test, and the 
results of the quantities of alumina and silica are as follows;— 



Alumina, 

For osiit. of Asli. 

SUloo, 

Pot oont. of Ash. 

Ratio, 

Minimnm, . 

-68 

3-08 

1:47 

Maximum, . 

. 3-7? 

26-91 

1 ;7-2 

Mean, . 

. 1-98 

10-4 

1:6-2 


Mr. Carter Bell analysed no less than forty samples of flour, none of 
which contained alumina as alum, and the following are the main results;— 



Alumina. 

Silica. 

Ratio. 

Muiimuni, . , 

. -008 

•009 

1:8-0 

Maximum, . . 

. -on 

•109 

1:9-1 

Mean, 

. -004 

-084 

1:8-6 


Mr. £Mer Bell alsa .analvsed thirtwtwo samnlea of bread, none of- 



fhiob gave any reaction witn me logwooa test j me mam 


resuuH uz meBe 



Water. 

Silica 

Iron 

Hiosphote. 

Mininiiun, . 

. lO'.'tO 

•010 

*0005 

Maximum, , 

. 49-60 

•089 

•0040 

Mean, . 

. 46'6«' 

■016 

•0018 


•0022 

■0082 

•0049 


In these last researches with relation to bread, the ratio between the 
ilica and alumina is 1 of silica to 7'1 of alumina. If the alumina is trans- 
ated into alum, the important result is obtained that the number of 
-rewns of alumina, if calculated into alum, about equals the silica. Thus, 
n the mean of the thirty-two samples of flour, the alumina was 4 mgreis. 
How -004 of alumina is equal to "035 of ammonia alum, and the silica 
s 034. Or, again, if the mean numbers of the silica and alumina of the 
hirty-two sample* of bread are taken, there is '016 silica to '019 of the 
jhosphate of alumina turned into alum. This, if calculated on the 4 lb. 
oaf, would be a little over 6 grains of alum. Hence from these researches 
t is clear that iu cases in which the analyst finds the presence of alum in 
sread from tests detailed, and then bums a quantity of toe bread up, and 
n the ash estimates the phosphate of alumina and the silica, it will be a 
perfectly fair calculation, to all me for oeery pari of dliea found one part of 
ilunij and this quttutity is t</ be deducted as ntdnral to the flour in the final 
vdetdatum. 


TABLE XVII.- ISFASTS’ Foods. 




h 

c a 


Carbo- 

bydratee. 

£* 


Is 

V 

1 


1 

13 

ll 

E® 

£ 

Soluble 
in Cold 
Water. 

In- 

soluble. 

a 

R 

< 

r 

*'AUeDl»ir;'i'' Foods (Alien A Han- 










bnry's, Ltd.):— 










„ (l)Biilkfood, . . 

2-0 

107 

18*6 

060 



8-96 



(*) • • 

8*7 

B-9 

16*0 

70*0 



8*71 

.. 


„ (S) Malted food (to be 










mixed with milk), 

S-0 

lO'S 

11 

26*11 

00-0 

.. 

0*60 



Anght-Swln Co. milk, in Thun, . 

6-48 

11*28 

5*00 

47'01 

26-96 

0*50 

1*87 

n*67 


Banger'll aelf-tllgeetive food,. . * 

11*29 

10 43 

1*10 

0*00 

66*72 

O'OO 

0*00 

0*20 

0*60 

Clamriok's eobible food,.... 

617 

16*69 

6*68 

28*11 

41-32 

0*18 

8*00 

o*«r 

0*04 

Dr. Coffin, Kew York, .... 

B-S9 

17*16 

1*60 

86*12 

34-82 


802 

.. 


Fitooo-fiwiu Co., milk food, . . 

ill 

18*M 

8*28 

48'00 

3i’S2 

0-02 

1*44 

0*51 

0-80 

N. Oaiber’a lactod^mlnoae . . 

6-B3 

18*87. 

6*68 

48*17 

24-46 

101 

278 



Hodlok's food. 

6*08 


0*34 

66*89 

10*96 

0-66 

2*02 

0*02 

0*00 

Hnatky A Fatm^f btocolt food,. . 

5*58 


12*21 

70*08 

3-64 


0*88 

0*M 


MeUbi^food,. 

6’Ui 

7*80 

0*20 

76*66 

6*08 

8*17 

0*68 

0-16 

Mnffler'tiood (Kindmmehl), 

6'68 

14*87 

&‘B0 

27*41 

44*22 

0*84 

2'80 

096 

071 

(miSc, eggt, milk lugar. alenrontie, 
and dextrinated Tafaeat floor). 










Kean^telnaoeoiiifoodi, . . 

4^ 

18*8 

170 

4’71 

7414 

0*80 

1*00 

0*42 

0-12 

Heatld'f food (omdenied mOk erilh 










togar and finely divided toaiitX'k 

6*01 

O'M 

4*68 

42*76 

847 

0*82 

176 

0*60 

0*82 

KMge'i iCoA (contain. («tm«l}, . . 

7‘M 

8-W 

1*88 

570 

76*76 

0*68 

0*64 

o-sS 

0-00 

Btimj a Moore'a iood,.... 

6*81 

10*70 

1*06 

28*27 

60*84 

0*82 

0*01 

0*47 

0*86 

Wdl., UchaidioB a Co., lactatoA bnd, 

0*62 

0*06 

S'lO 

26*62 

62*02 

«1‘64 

2*20 

0*60 

0*80 
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Infants’ Foods. 

§ 91. There are a groat variety of infants’ foods in commerce. Many of 
the farinaceons are entirely unsuited to be the food of young infants. In 
the early months of life an infant is mote of a carnivorous than an omni¬ 
vorous animal; and will digest all kinds of meat-broth, meat itself, and 
albuminous fluids with comparative ease; but if, instead of the natural 
milk of the mother, a large amount of starchy and saccharine food is given, 
so little may be digested that the infant is starved. » 

Some of the krinaceous foods, like, for example, “Poison’s Patent 
Flour,” consisting of the flour of Indian corn, are made entirely from one 
ingredient; the majority are, however, mixtures of starchy, saccharine, 
and albuminous powders. , 

A ferv exam pies of infants’foods are given in the preceding Table (XVII.). 


Oats, Oatmeau 


§ 92. Of the various species of oat the Awna satim and Avma 
orientedu are the two chief species now cultivated; but the varieties of 



Fio. 28 is a section of the ost, x 190 : o is the outer layer oorresponding to the bran of 
wheat j b, the cells of the Inner covering of the som ; c, the gluten cells; d, starch- 
holding cella The starch granules at B are multipUed by 360. 


these two species, according to soil, method of cultivation, etc., are veiy 


numerop. 

As met with in commerce, oats consist of the seeds enclosed in their 
pale® or husk. The mean composition of the ground oats, or oatmeal, is 
as follows:— 

Fer cent 


Water, 

Nitro^nons matter, 
Fat, . 

Sugar, 

De^in and gum. 
Starch, 

Kbro, . 

Ath, 


12«2 
11-78 
6-04 
2-22 
2-04 
61-17 
10-83 
8-06 


'The nitrogenous substance is composed of gliadin and plant-casein. 
’The ' glia^ ’ (according to H. Ritthausen and IT, Ereusler) has a much 
higher percentage ()f sulphur than the gliadin of wheat; the sulphur being 
1-66 per cent, of the Bub|tance, while wheat gliadin has *86 per cent, of. 











^ BABliBY. . 


i93.J 

nilphur. Tne plaat-caeein bas the composition of legumui, 
properties of, gluten-casein. Von Bibra also states that oatmeal has r24 * 
Co 1*52 per cent, of albumen. The oat possesses a greater proportion of 
Tat than other cereals. The comjwsition of the fat is as follows [Kontgy,— 

Glycerin. 

Oleic acid. 

Stearic and palmitic acids. 

llcnce it follows that there is some free fatty acid.* 
th»! ash of oats is as follows :— 

Potash,.. • 

Soda, 

Linio,. 

Magnesia,. 

Ferric oxide, . .. 

Phosphoric acid,. 

Sulphuric acid,. 

Silica,. 

Chlorine,. 

The richness of oats in oily matters and in protein compounds is an 
explanation of its groat nutritive powers. . , . , i 

Adultm atioii .—The chief adulteration of oatmeal is with barley-meal, 
and more than one conviction has taken place in this country for quantitiM 
of from about 16 per cent. The method of detecting and estimating th« 
adulteration is wholly by microscopical means, and is detailed at page Uih 
The defence which is to be expected in prosecutions for adulterated 
oatmeal 4^ that the barley bas , become mixed with the o^s in an 
accidental manner. As a fact, genuine samples of oatmeal ^uently 
contain other starches, such as barley, maize, etc. Should the foreign 
starches amount to above 3 per cent., such percent^es have »ot been yet 
known to occur save as wilful or fraudulent atoixture in oatmeal, and 
the analyst should not have the slightest hesitation in certifying and 
letting the case be tried upon its merits. 


rer cent 
!!-8 
60-B 
36-7 

The composition of 

Per coni. 

17-00 

2-24 

8-73 

7-00 

•67 

23-03 

1-36 

44-33 

•58 


Babuiy. 


§ 93. There are severar species of barley under cultivation in riiis 
country, all of which may, howevei, be considered as varieties of -the 
following species of hordeum:— H. h xmtudunt, H. wHgare, U. teoento^ 
and U. dinHehm. It is used as a food in the form of ‘l»rley-meal, the 
grun being ground whole, and as pearl barley, the latter being the grain 
deprived of its coverings and rounded by attrition. Barley-meal in the 
time of Charles I. almost entirely took tho place of wheat as the food of 
the common pwple, especially in the north of England. The composition 
of barley-meal is as follows 


..15-06 

Nitrogenous eubatances (albumen, 1-0 to 1*7 per cent), 11 


Fat, .., 

Carbo-hydrate. (Bsffinore* from -07 to 1-0 per cent) 
(O’oulIivBn, Journ, Chtm. Soc,, xlix., 70), . 

Woody fibre,. 

Atb, 


1-71 

70 80 
•11 
•47 


1 There ia some free odd, if the amount of glyoenn is eon-Mt; but the Mponifl^ca 
was by lead oxide, which^es a lower percentage of glyeenn than when ptash u 

Lffinose Cja«0,6B^ [oh + lUT i* » lermOntable sugar, without action <n 
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The nitrogenouB substanceB are hordein, glutenin, leucosin, 
'lobulin, and proteoses. The constituents of the ash of barlej are 
« follows;— 

Ptfr cent. 


Potash, ..20‘15 

S^a.2'68 

Lima, •*,*•*••* 2*60 

Magnesia,.8*62 

Ferric oxide,. *97 

Phosphoric acid.34*87 

Sulphuric acid,.1*39 

Silica,.27*64 

Chionne. *93 


Barley-meal is used as an adulterant of various foods, but in itself it is 
ittle tampered with. The deteotion of adulterations 4s mainly micros- 
lopical, and the dimensions and appearances of barley-starch are described 
it page 143. 

Barley Bread .— Barley bread, though but little used in England, is 



7(0, 29w$fs^ioii of barley, x 190: a is the layer of cells forming the outer coat of 
the seed; h, the inner; e, the gluten oells; and d, the starch-holding cella B, 
barley starch, x360. 


laten in some parts of the Continent. 
Sibrajs as follows;— 

Water. 

Nitrogenous substauees, 


Sugar, . 

Carbo-hydrates, . 
Woody fibre. 


The mean of two analyses by Von 


Percent. 

12*89 

6*91 

*90 

8*96 

71*08 

6*68 


Eva 

§ 94. The seed of the Seeale eereaie, in the form of rye-bread, was once 
t common article of diet in England, and it is now used as the daily bread 

Jehling. Dilate HjSOi reduces the plna rotation, and breaks it up into rednomg sugars; 
woorduigto O'Sullivan, the action of sulphurie acid results in suDStanoes wi3i a rotation 
it 4- 48*6, and a K. of 81. Baffiiiose turns yellow at 120’ and then reduces Fehlinc. It 
uav be oxidisad bv nitric acid into mncio arm 













of the northern European nations The mean composition of rye flour is 
as follows:— 

Per cent. 


Water.14 •24 

Kitrogenous anbataiirm.10'97 

Fatty matters.1 '96 

Sugar,.3 88 

Hum.7'IS 

Starch.68'78 

Woody fibiv.l-6'4 

Ash,.1*48 


The nitrogenous substance in rye, aooordiug to Osborne,* are gliadin, 
4‘0 per cent.; Icucosin, 0'43 per cent.; edestin and proteose, 176 per cent.; 
and proteids insoluble in salt solution, 2‘44 per cent. The fat extracted 
from the rye has, •oeording to Kbuig, the following composition:— 

Per cent. 

Glycerin,.1 '30 

Oleic acid.91 'CO 

Palmitic and stearic acids,.8'10 

It, therefore, consists only in part of glycerides, some of the acids being 
in the free state.^ The gum, according to M. H. Bitthauscu, is soluble in 
alcohol, and has the ordinary composition of gum. 

The ash of the rye-flour has, according to V. Bibra, the following com¬ 
position :— 



Pet ocBt. 

PoUsh, 

.- 38-44 

Soda, a . e e 

.175 

Lime, .... 

.11)2 

Magnesia, . . , 

.7-99 

Feme ozido,, 

.2*64. 

Phosphoric acid, . . 

Sulphuric acid, 

Chlorine, . 

.48'2« 


The composition of frrah ryo-broad, according to twenty-seven analyses, 
from various sources, collected by Kduig, is as follows:— 


Water, . , 

Nitro^uous matteie, ,. 

Minimum. 
Ftffceut- 
. 35*49 

Maximum. 
Per cent 

48'57 

Mean 

Percent 

,44D2 

. 8*49 

9-22 

6D2 

Fat. 

. 0*10 

■83 

•48 

dugar, 

, 1*28 

‘ 4-66 

2-&4 

Carbo-hydrates, . . 

; •82*82 

61-18 

46-38 

Fibre,.... 

. '29 

•89 

•30 

Ash. 

* -.Si; 

8-08 

1-Sl 


None 01 the cereals are so liable to become ergotised as rye. [See 
PoUam, by A. Wynter Blyth.] Boasted rye has Isen used to adulterate 
coffee, chicory, and other substances. It furnishes, by appropriate treat¬ 
ment, a good malt for thedigtiliation of spirits, and is usw in the manu¬ 
facture of Hollands. 

* Jbum. Anur, Chtm. Soe,, 1686,17. 

> The fat was saponified by lead oxids. (See the (^narrations in the article on 

•OttveOa.’) 
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Rice. 


§ 96. Rice is obtained from the Oryza mtiva, and the term is popularly 
applied only to the seed denuded of husk nnd.innor outiolo, the composition 
of which is as follows:— 


Per cent 

Water.14-41. 

Nitrogenous subetaace,.6*94 

Fatf ...■•.••■ *61 

Starch.77*61 

Woody fibre,. *08 

Ash,. *46 


The oil which is obtained from the rice embryo has a density of *924 at* 
16' C., and at 5" C. becomes thick and buttery; it ooiitains much olein and 
on albuminous sulistanoe.* 

The composition of the ash of rice is as follows 


Potash, 
Soda, . 
Lime, 


Ferric oxido. 
Phosphoric acid. 
Sulphuric acid. 
Silica, . 
Chlorine, 


Per cent. 
*21*73 
6*60 
8*24 
11*20 
1 23 
63*68 
*62 
2*70 
•10 


Rice ii said to be adulterated from time to time with other starches, 
but it is in itself so cheap that it is more likely to be used as an, adulterant 



Fio. 80 represents the microscopical structure of rice. The figure is a seotion of the 
seed, X190. a is the outer husk ; c, the gluten cells; and d, the stamh-holding 
cella B, the starch cells, x 360. 


than tampered with. The microscopical examinatm^Hpi. eampie would 
easily delect any foreign matters. The size and of the little 

granules have been already described at page 144, andT^ entirely different 
from all the other starches. A chemical method of detecting the adnlteration 
of rice has been proposed byM. Van Bastolaer. It appears that a saturated 
solution of picric acid does not cause the least pjecipitate in a cold watery 
extract of rice; but if maize starch, leguminous starches, or other matters 
be p^ent, there is a more or less abundant precipitate. The quantities 
recommended are 20 grms. of the powdered rice steeped for an hour in 100 
grms. of water, and then the infusion decanted; to this infusion the piccio- 
aeid test is opplied. 

4 A, Pavem and E. ^tosdi. CkzMa Ohimica /(aHana^iY., 192-196,' 
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Maize. 

§ 96. Maize, or Indian corn (Zea Mays), a native of tropical America, 
is extensively cultivated in America, Africa, Southern Europe, Germany, 
and other countries. It is ordinarily met with as the India corn meal of 
the shops, and forms the basis of many ‘ infants’ foods ’; its use appears to 
be on the increase. According to analyses of A. Riohe and A. H. Church, 


maize has the following composition:— 

A. ftlORK. 

A. II. OHUROH.I 


l*er cent. 

Per cent. 

, Water, ..... 

17*1 

12*6 

Albuniicoids, .... 

12-8 

9-6 

Starcli, . ... 

69-01 

70-7 

Dextrin and siiuar, . 

1-6J 

Oil,. 

7-0 

3-8 

Gellnlo^, .... 

1-6 

2*0 

Ash,. 

I'l 

1-7 


Maize contains a proteid soluble in 70 per cent, alcohol “zoiu.” Zciii 
is similar to gliadin, but on acid hydrolysis the products show considerable 
differences (T. B. Osborne and Clapp, Arner. Jour, of Physiol.), 190S, xx. 

According to Kiinig, the fatty nmtter of the maize contains 6‘46 per 
jcnt. of glycerin, 79 87 per cent, of oleic acid, and 16'14 per cent, of 



Fit). 31 represents a section of the seed, x 190, and B the starch, x 860. a is the 
outer husk ; i, the inner; c is the gluten cells; d, the starch-holding cells. 

stearic and palmitic acid. The mean composition of the ash from nine 
analyses of maize is as follows:— 

Per cent 


Potash, .21 ‘73 

Soda, . ..5'60 

Tini^ ... ..... 8*20 

Uagnesia,.11 *20 

Ferric oxide.1‘28 

Phosphoric acid.63'38 

Sulphutio add,. ‘32 

Silica,.2‘74 

Chlorine, . . . '10 


100-00 

An aqueous decoction o( maize gives with a little iodine a peculiar 
reddish-purple colour. On placing the iodised decoction in the dark, after 
some eight to twelve hours the precipitate becomes dirty white, and the 
supernatant fluid milky; if an excess of iodine is added the precipitate is 
then red, but it also becomes decolorised in the dark. Maize is said to 

I I The mean of aeveral analysee'of whole Indian grownanaize. Pood Oraixs of India, 
■Man. 18BS. 36. 
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be occasionally adulterated with potato gtarohes, etc.; these a microscopical 
'examination will at once detect. M. Genin has given certain chemical 
reactions, based upon the different hues which mixtures of maize and 
potato staruh assume when treated with iodine, and also a process based 
on the volume wliich a precipitate obtained by lead acetate in an alkaline 
extract occupies in pure and adulterated samples. These processes are, 
however, far too loose to be of any service. 


Millet. 


§ 97. The millet seeds are derived from two species of panicum, 
Panicum miliaceum and Panieumjlalieum. It is extensively used among 
the Chinese and Eastern races as an article of diet, and ijs nutritive power 
is about equal to that of rice.^ The average oom}X>sitiou of millet deprived 
of its coverings, according to six analyses, is as follows (Kiinig):— 

Per cent. 


Water,.11'26 

Nitrogenous substance,. . . . . , 11'29 

Knt,.‘ . . . 3’66 

Su^r,.1‘18 

Deztiin and gum,.6'06 

Starch,.60'09 

Cellulose.4'20 

Ash,.2'31 


The composition of the ash of the millet deprived of husk is as follows:— 

PercantT 


Potash.18'36 

Soda.8'82 

Lime, ......... ... 

Magnesia,.21‘44 

Ferric oxide.1 '82 

Phomhoric acid,.44*21 

Snlphnric acid,.2*02 

Silica, ......... 8*33 


Potato. 


§ 98. The chemical composition of the uncooked potato is, according to 
the analysis of some fair average tubers, as follows:— 

• Percent. 

Water,.76*00 

Starch.' . , 19'68 

Sugar,.' i . 1*20 

Albumen,* 70 

Oum,. *40 

Aspangin,. *80 

Fat... *80. 

Solanin, .. *0fi 

Other nitrogenous substances, .... *15 

Insoluble matter.. *40 

Ash,. *82 

,100*00 


- in we ' Dictianary of Hygiene,’ by one of the anthors, will be found a remaikable , 
experiment on the nntntive qnmities of millet. 

‘ The albumen, aoeordisg to K Sobultze and E. Ehpl4r (Lmdv>. Vermeha. Static 
xxvii., 887), varies in different Idads from *86 to 1 *19 per oonti 
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A summary of seventy analyses, determining the principal constituents 
of the potato, is given by Konig as follows:— » 


Water, .... 
Kitre^nons substance, • 

Miulinmn. 

68-29 

Kuclmam. 

82-22 

Meau, 

76-77 

•SI 

8-60 

1-79 

Fatty matters, . . • 

■06 

•80 

•16 

Starch, .... 

12-05 

26-67 

20-56 

Woody fibre, . , • 

•27 

1-40 

•75 

Ash, .... 

•42 

1-48 

■97 


, It is thus seen that, according to all analyses, some 95 per cent, of the 
potato is water and starch. The nitrogen of the potato, which, according 
to the old method of analysis, would be reckoned into albumen, or, at all 
events, into protein substance, is derived from albumen, asparagin, solanin, 
xanthine, leucin, and tyrosin. It has been calculated tlmt about 56 per 
cent, of the total nitrogen is derived from asparagin and amldo acids—s 
fact which must be remembered in diet calculations. 

Besides the constituents enumerated, there are certain organic acids in 
the potato which may be extracted in small quantities by sulphuric acid 
and ether. Among these are citric and succinic acids, and possibly the 
presence of these organic acids in part accounts for the antiscorbutic powei 
possessed by the potato. Siewert has also found from ‘017 to ‘057 poi 
cent, of oxalic acid. 

The composition of the ash of the potato, according to fifty-three 
analyses by E. Wolff, is as follows:— 


Potash, .... 

MliUmum. 

43-95 

Mttxlmom. 

73-61 

Mean. 

GO-37 

Soda, .... 


16-98 

2-62 

Lime, .... 
IfagueBia, 

"•61 

6-28 

2-57 

1-32 

13-68 

4-09 

Feme oxide, . 

•O-l 

7-18 

l-(,8 

Phosphoric acid, 

Sulphuric acid, 

8-39 

27-14 

’.7-03 

•44 

14-89 

6-49 

Silica, .... 


8-11 

2-13 

Chlorine, .... 

"•86 

10-76 

3-11 

Percentage of ash in dried 
substance, 

2'20 e 

6-80 

8-77 


The potato is very subject to a fungus disease, the life-history of which 
has been very fully elucidated by variouef observers, and more especially 
by Worthington G. Smith. The fungus is named botanioally Peremospora 
infeetans, and the manner in which it grows, and its method of repro¬ 
duction, is shown in the annexed woodcut (fig. 32). 

The figure represents the very highly magnified section of a potato 
leaf, and the mycelium of the peronocfiora growing among the cells. A, A 
are the natural hairs of the potato leaf; B, B are the upper and lower 
layers of the healthy cells. The threads and bodies at C, U, E, F, and O 
belong entirely-to the fungus. The fine thread at C is a direct continuef- 
tiott of thj spawn or mycelium living inside, and at the expense of the 
leaf tissue. Emerging into the air, the thread is seen to bear two distinct, 
species of fruit—one, D D, called simple spores or goiddia, while at E F 
are what ore known as ‘ swarm spores.’ The swarm spores, when moistened, 
set free fifteen or sixteen bodies, known as ’ soo-spores,’ so named because 
they are endowed with spermatosoa-like motion, being famished with two 
lash-like tails, which they move with great rapidity. A zoo-spore, when H; 
falls on a leaf, has a snrjnwng power df connaing the epidermis, and: 
entering into the timue. '^is ,action is prooably due to some specif 
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Btilvent secreted by the zoo spore. When movement ceases, the! dis- 

apjioar, and « winute 
thread is at 

one end, vphich Qsvelops 
into a networJ my¬ 
celium. Both these 
methods of pindutt’^a are 
asexual; but thei^ •* a 
third method whiJ* is 
sexual, and the mori im¬ 
portant, because, in th:. 
case, there are structures 
formed which resist frost 
and a vyiety of influences 
destructive of the former 
fragile structures. This 
third method is the pro¬ 
duction of oospores by 
the conjunction of two 
organs — the one named 
antheriiUum, and analo¬ 
gous to the anther of a 
flower, and the other 
oogonium, analogous to 
the ovary of a flower. 
The oospores jre dark- 
ig brown in colour, reticu¬ 
lated, and covered with 
little warty prominences 
about '001 inch in dia¬ 
meter.' 

Amlynu of tfie Potato. 
— Since the potato is 
mainly composed of water 
aud starch, a careful de¬ 
termination of those sub¬ 
stances by the processes 
already enumerated will bo sulEcient for most purposes. For those in 



Fio. 32. 


' The J’eruriaus make a national dish from fruaeu potatoes, which tliey call 'ohano.' 
The potatoes are steojwd for a little while in water, then exjioscd for a few days to sharp 
frost, washed, and rubbed. By this method the peel becomes detached, and tlie starchy 
matters are dried in the san or in an oven. The dried hard tubers are oat in tliin slices 
and baked, and eaten with the addition of Spanish jiepper. An analysis by Meisel 
( W jpaer’s JahrcshericlU der ehemUcti, Tc-hnol., 1881) is as follows;— 


Water,. 

Her cent 
18'03Q 

Starch. 

81-844 

Nitrogenous matter, . 

2'813 

Woody fibre, .... 

I'lSS 

Fat,. 

'182 

Ash. 

'356 

{Mnble constituents in water, . 

l'U2' 


(Total nitromn, '4 %. 

1 Nitrogen solnblo in water, *08 %, 


'400 sngar, 

'141 asparagin, 

'COl soluble starch, dextrin, 
■olnble ash constituents, etc. 





which great accuracy is not required, it will be sufficient to take tta 
specific gravity of the potato, and then refer to the foilowing table. Thii 
table, for fairly good potatoes, will give results of from within '3 to ‘6 pe) 
cent, of the true value; but with regard to tubers poor in starch then 
may be a much larger error. 

TABLE XVIIa.—Showing THE Pekoentagb ok Stakch ank Dkt Substance 
COK ttESPONDING TO VaUIOUS SpEOIKIO GkAVITIES. 


Specific 
• Gravity. 

Dry 

Substance. 

Starch. 

BpociHo 

Gravity. 

Dry 

Bubstauco. 

Stal^’h. 

I'OSO 

19-7 

13-9 

1-120 

28-3 

22-6 

1-081 

19-9 

14-1 

1-121 

28-5 

22-7 

1-082 


14-3 

1-122 

28-7 

22-9 

1-083 


14-6 

1-123 

28-9 

23-1 

1-084 


14-7 


29-1 

23-3 

1-085 

20-7 


1-125 

29-3 

23-5 

1-086 

20-9 

15*1 

1-1-26 

29*5 

23-7 

1-087 

21-2 

15-4 

1*127 

29-8 

24*0 

1-088 

21-4 

16-6 

1-128 

30-0 

24-2 



16-8 

1*129 

30-2 

24-4 


21-8 

16-0 

1*130 

30-4 

24-8 

1-091 


16*2 

1-131 

30-6 

24-8 

1*0»2 

22*2 

16*4 

1-132 

30-8 

25-0 


22-4 

16-6 

1-133 

31*0 

25-2 

1-091 

22-7 

16*9 

1-134 

81-3 

25-5 

1-095 

22-9 

17-1 

1-136 

31-6 

25-7 

l-0?6 

23-1 

17-3 

1-136 

31-7 

25-9 

1-09* 

23-3 

17-6 

1-137 

31-9 

26-1 

1-098 

23-6 

17-7 

1-138 

32 1 

26-8 

1-099 

23-7 

17-9 

1-139 

82-8 

26-6 

1-100 


18-2 

1 140 

82-6 

26-7 

1-101 

24*2 

18-4 

1-141 

82-7 

27-0 

1*102 

24*4 


1-142 

83-0. 

27-2 

1-103 

24*6 

18-8 

1‘143 

33-2 * 

27-4 

1-104 

24-8 

19-0 

1-144 

83-4 

27-6 

1-105 


19-2 

1-146 

33-6 

27-8 

1*106 

26*2 

19-4 

1-146 

33-8 

28-0 

1-107 

25-6 

19-7 

1-147 

84-1 

28-3 

1*108 

25-7 

19-9 

1-148 

84-8 

28-6 

1-109 

26*9 

20-1 

1*149 

84-6 

28-7 

1-110 

261 

20-8 

1-150 

34-7 

28-9 

1-111 

26-8 

20 5 

1-151 

84-9 

29-1 

1-112 

26-6 

20-7 

1-1.52 

86-1 

29-8 

1-113 

26-7 

20-9 

1-153 

36-4 

29-6 

1-114 

26-9 

211 

1-154 

85-6 

29-8 

1-115 

27-2 

21-4 

1-156 

35-8 

30-0 

1-116 

27-4 

21-6 

1-156 

86-0 

80-2 

1-117 

27-6 

21-8 

1-157 

36-2 

30-4 

1-118 

27-8 

22-0 

1-168 

36-4 

30-6 

1-119 

38-0 

22-2 

1-169 

36-6 

80-8 


Peas. 

§99. The pea is, witliout doubt, the most important of all tl 
leguminous plants. The garden pea is derived from the Pimn satimn 
a native of the south of Europe, but long naturalised in this countr; 
The field pea, grown for the purpose of feeding cattle, is the Pim‘. 
arvensa. 

































Forty-one analyses collected by Kouig give the following values:— 

Maximum. Mtutmum. Mean. 

Water.22'12 ll'Ol 14-Sl 

Kitroeetious eubstanoe,^ . . 27*14 18*56 22*08 

Fat.. 3*30 *64 172 

Nitrogeuous free extractive matter, 69*38 41*90 63*24 

Woody fibre, .... 10*00 2**22 6*46 

Ash,. 3*49 1*76 2*65 

The 53*24 ])er cent, of non-nitrogenous soluble matter is- composed of 
36*03 starch, 6*51 dextrin, aud 11*70 other substances, among which is 
some sugar. Cholesterin is also found in peas, but there have been no 
researches as to its exact quantity. The most important principle of the 
pea is ‘legumin.’ Its amount varies in different species. Thus, H. 
Uitthausen found in the green field pea, 3*95 per cettt.; in the yellow, 
9*46, and in the grey, 7*30 per cent.; in the garden pea, 5*40 per cent. 

In the young unripe condition, peas contain much more water than the 
proportions given above. Thus, Grouven found in young unripe peas and 
beans the following:— 

Green Peas. Green Iteans. 


Water, .... 

. . 79*74 

91*34 

Carbo*bydrale8, . . . 

, . 18*03 

6*99 

Albuiuiuuids, . . . 

. . 6*08 

2*04 

Salts,..... 

1*12 

*63 


According to the researches of T. B. Osborne and J. Harris,* the proteids 
of the pea are three in number, and may he separated by fractional pre¬ 
cipitation of a sodium chloride solution by means of ammoniun; sulphate. 
The three are (1) legumin, -which is a globulin not coagulable at 100" C., 
containing 17*75 per cant, nitrogen and 0*46 per cent, sulphur ; (2) vicilin, a 
similar substance, but coagulable at 96°; it contains 17*16 per cent. H, and 
small quantities of sulphur, 0*08 per cent, to 0*2 per cent.; (3) Icgumeliu, 
' an albumin coagulating below 80* and resembling the leucosln of wheat. 

The analysis of the ash of peas gives the following os the extremes and 
mean of twenty-nine analyses• 



Mlnlmtini. 

Mailmnm. 

Mean. 

Potash, . . 

. 35*80 

61*41- 

42*79 

Soda, . . 

• ... 

8*57 

*96 

Lime, . 

2*21 

7*90 

4*99 

Magnesia, 

6*80 

18*02 

7*96 

Ferric oxide, . 


8*83 

*86 

Phosphoric acid, « 
Sulphorlo aoidt 

29*80 

44*41 

86*43 

■ ... 

9-46 

8*61 

Silica, 


8*02 -■ 

*86 

Chlorine,. 


6*80 

1*54 


Peas, when putrid, undergo some peculiar change not yet investigated, 
resulting in the formation of a poison, perhhps similar to the cadaveric 
. poisons.* 

‘ Some nitrogen detenninatione by 0. Bbhner (Venwh. Stat., xxviil, 247-262), in 
which ammonia, amido acide, and other prodnots were differentiated, are fu follows:— 

‘ To^ nitrogen in dried peas, 4*69 pw oent; nitrogen as albumen, 8*66 (=22*6 per oant 
* albuminoids); nitrogen as ammrmia, *020; nitrogen as amido-scid amides, *062 per 
, oent; nitro^n as amido acid, *361; nitrogen as peptones, *897 per cent 

* Jottm, Biol, Ckem.t 1907, 8. 

* Some years ago a ease of wholesale poisoning from this cause ocontred in 
Salford, llany persona who had partaken of slightly decomposed peas exhibitsd 

. symptoms of irritant poisoning. The peas were chemically examined, but contained 
1 neither arsenic, copper, lead, u& olher metallic poison. [FAarsi. Joum. (3), 294.] ThS'/ 





§ 100 , 

for the general analysie of peas, the water, the ash, and the amount m 
etarchy matters are estimated by the processes already detailed. To 
separate the legumin, the peas must be powdered, or, if fresh, mashed into 
a paste, and treated with suooessive quantities of cold water, which may 
bo advantageously feebly alkaline, hut must not have the least trace of 
acid. The legumin may now he precipitated by acetic acid, the precipitate 
dissolved in weak potash, again precipitated, and then dried and weighed. 
Legumin is almost insoluble in cold or warm water; but since it may be 
extracted so easily from the fresh seeds, it is supposed to be in combinatiOD 
with phosphates of the alkalies when in its natural condition. But it is 
easily soluble in diluted alkaline liquids, and also readily dissolves in a 
solution of alkaline phosphates; if boiled it becomes insoluble in alkalies. 
Pure alkaline solution of legumin shows, with a little cupric sulphate, a 
beautiful violet colour. If impurities are present, such as gum or starch, 
the colour is blue. On boiling the alkaline solution, the legumin does not 
coagulate, but, as in the boilmg of milk, a scum of altered legumin appears 
on the surface. 

g 100. Preeerved Peas .— Copper in Peas .—Peas are preserved in several 
ways, sometimes by simply drying, when they form the well-known dried peas 
of the shops. But the more modem method is to heat the peas in a suitable 
tin capable of being hermetically sealed. The sealing is effected while the 
tin with its contents is at a high temperature. The rationale of the 
process is, that putrefying germs existing on the surface of the peas are 
destroyed, and fresh putrefactive agencies are prevented from gaining 
access by the exclusion of air. Peas so preserved may, as proved bj 
analysis, iie quite as nutritious as fresh peas. Preserved peas have ofter 
undergone a pre[iaratory treatment by boiling in copper vessels, the objecl 
of which is to impart a fine green colour. 

Tlw reason why vegetables preserve their green colour when trested by <x>mier is 
accontirig to Tschiroh,* owing bi the formation of a compound of ooppei with phyllocyanii 
ai id (U 8 jHj(N, 04 ). I’liyllocyanute of oopiier has the composition ant 

contains S'59 per cent copper; it is insoluble in water, but soluble in strong alcohol ant 
chloroform j it is not soluble in dilute acetic nor in dilute or ooncentrated nydrochlorli 
acid. Its alcoholic solution gtv<» an abauriitiou sjiectrum characterised by four bands. 


subject of the formation of new and [loisonona substances in such an article of food wouh 
well repay investigation. 

Ill Germany there has been used a condensed food made up of powdered and driet 
moat, incori>oratcd with pea-meal, by strong pressure ; it is scarcely neceesaiy to say 
that in tills manner a food invaluable for the soldier is obtained, and one that oontain 
in a very small compose dl the essentials of iiouiishment An analysiB of these pea-mea 
tablets JS as follows ;— 


Water,. 

Nitrogenous matters, 
Fat . 

Carbo-hydrates, . 
Ash, . 


Percent. 

12'09 

81-18 

8-08 

47-50 

6-16 


A condeased pea soup is also pi-ojiacsd. Two aualyses of this oondensed soup, given b 
Ebnig, are as follows 

Water. 7-68 8-08 

Kitronnons matiers.16-98 16-81 

Fat. 8-98 24-41 

Cubo-hydntes. 68-44 36-78 

Woody fibre, . ■ . . . . 1-84 1-69 

Ash, . ,.11-78 18-88 

t ^ Kvjjfir. Stuttgart, TfiOS. 
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TBchiioh has diown that althongh oop™r phyllocyauate ia so insolahle in aoida, yet 
when administered to animals it ^duces the same eliects as equal quantities of coppei 
given as the soluble tartrate; at the same time he considers that so small a quantify o; 
ooptwr added as will produce phyllocyanate only would probably not be injurious tc 
health. 

M. Guillcmare and M. tocourt have, however, now jMtonted a process by which 
chloi-ophyll has been substituted for the objectionable oopjiering The copper that has 
hitherto been found in tinned peas has amounted to about 2 grams to 2'6 ^ains in the 
pound tin, and the question arises whellier the cojqier is injurious to b«dth in this 
proportion or not In the proseentious which have been instituted, it is obvious that 
men of considerable scientific reputatiou have expressed strong opinions on the subject; 
nevertheless, the whole of the injurious action of coppered peas rests entirely on theo^, 
and in no single instance (although the consumption of coppered has been very lar^] 
has any really definite case been brought forworn of actual poisoning by peas coloured in 
this way. Legrif has found in the intestine of a healthy man 'OSS to '040 grm. of 
copper; > and Messrs. Paul end Eingsett have shown that, even when a soluble compound, 
like sulphate of copi>er, is ingested, most of it is excreted by the f'teces. 

Some addition to exact knowledge as to the quantity of copper necessary 
to impart a greou colour to peas, and also os to the action of copjiered peas 
upon the human organism, has been made by Dr. F. W. Tunnicliftc* for 
the Departmental Committee appointed in 1899 to inquire into the use of 
preservatives and colotuing matters in foods. 

After actually viewing the process of greening by copper in use by 
manufacturers, experiments were made by Ixiiling definite quantities of 
copper sulphate with w'eighed quantities of peas, and the following results 
were obtained:— 

1 part of copjnr sulphate boiled with 79S0 of peas yielded peas coiitaiuiiig on analysis 
18 •? mgi-ms. copper txsr kilo. 

1 part boiled with 3976 ditto., 88 mgrms. Ou. 

1 „ 1667 „ 44 mgrraa Cu. 

1 „ 1987 „ 72 mgrms. On. 

1 „ 774 „ 90 mgrma Cu. 

So that usually there was some relation between the copper added and the 
copper absorbi^ by the peas. Tuuniclifie oonoluded that SO mgrms. of 
copper absorbed per kilo, was sufficient to impart a permanent and 
adequate greenness to peas. 

This quantity is half of that permitted by the law of France and Italy 
(100 mgrms. per kilo.). 

Experiments were also made upon a child as to the effect of the 
ingestion of coppered peas and as to how much of the copper was excreted. 
Since copper is normally present in other foods, the child was given a 
uniform diet during the whole period of observation (32 days). ' 

The'following table summarises the results obtained:— 

A ia a jieriod of eight daya during which the unifonn diet was taken without peas or 
copper, aave what copiier may have bWn in the atandaid diet. 

B. A period of two daya, in which freah uucenpeted peaa were token in quantitiea of 
- 200 arms, per dsy, in order to eliminate any effect on the intestines of jieas as peas. 

C. A period of two days, in which 200 grms. each day of [icas wen: commercially 
greened with copper and previously analvaed. 

B. A period of two days, in which the same amount of sulphate of cto’per was added 
to ftesh peaa after they were boiled and just before they were oaten. This experiment 
was deviwd to ascertain any differences teere might be between copper in the form of 
phyUo-oysnato and albuminate and cornier mainly as a mineral salt. 

t, f, and g were anbaeqiient periods of eight, four, and six daya lespeotirely, daring 
which no coppered peas were eaten, bat in which the excrete were analysed and the 
' copper estimate. 

I Sonnenschein. 

‘ Appendix Ko. 6, 804, 806. Appendix Ho. 7, 812, Departmental Committee on 
Preservatives. London, 1901. ' 
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TABLE XVIIb.—S aowiKQ thb Kelation between the Inosbtion anb Exoketion 

or COTTEB BBMNO THE TABIODS TEBIOBS, KXPBESBED IN MoBMB. PEE DaT. 



Mgrm. Cu excreted. 

Total 

excrotiou. 

Total 
tuffeated 
wltli peas. 

Mgrni. Cu 
retained. 

Per cent 

Cu excreted 
in fsces- 

FEBCeB. 


A 

0-29 

jHllli 

0-29 




B 


trace. 


6-k 



C 

10-79 

0‘03 

10-82 

14-0 

3*18 

77 


7-4.0 

■sa 

7-48 

22-00 

14-69 

84 

0 

1-42 


1-48 


... 


f 





... 


g 


... 






■» 


The table shows that immediately after the ingestion of the coppered 
peas the excretion rose, and no less than 77 jKjr cent, was excreted with 
the fieces, and therefore never entered the body at all. The remaining 
quantity was probably absorbed into the system, and stored up in the 
liver. That is to say, the small amount of 3 mgrms. was absorbed into 
the blood. On the other hand, when the mineral copper sulphate was so 
mixed with the food that very little of it could have combined with 
albuminous matters, then the excretion by the fseces was only 34 por cent., 
while over 14 mgrms. entered the blood. 

These experiments, therefore, fully bear out the statements made in 
former editions of this work, viz., that there must be a distinction drawn 
between dCpper in organic combination and copper taken as a mineral 
salt. 

Nevertheless, a majority of the Committee recommended “ That the use 
of copper salts in the so-called greening of preserved foods bo prohibited.” 

lir. TunnicIilFc, a member of the Committee, dissented from this recom¬ 
mendation, and suggested that a limitation should be placed on the 
amount, that “the presence of copper in thrae preserved vegetables be in 
every case declared, and that its amount be restricted to half a grain ol 
meMlio copper per lb." 

The method of detecting copper in peas is as follows:—A weighed 
quMitity of the peas is bum^ to an ash in a muffle, the ash is dissolved 
in hydrochloric acid, the acid solution evaporated to dryness, and then 
taken up with nitric acid, filtered, and submitted with the precautions and 
under the conditions detailed at p. 112, to the galvanic current 

Tinned pess may oontsin traces of tu). The process for the detection of tin ie ai 
followsA Bul&cicnt quantitv of the peas is incinerated in a platinum dish, the ash ii 
heated with strong hydrio chloride, and evaporated nearly to dryness; a little water ii 
then added, boiled, and the solution filteiea. This method of extraction is repeatec 
once or twice. The solution is now saturated with hydrio sulphide, and any yellow pre 
oipitate filtered olf. This shonld present the characters of sulphide of tin. Tin bai 
hwn found, aooording to Mr. Hehner,’ goneially in tinned goods to the amount of 1( 
nigmiB. in die English jHiund, and it has been supposed, without adequate proof, ti 
exist as a stannous hydrate, a tin compound which is ptasonous. 

No prosecution has hitherto taken place with regard to tin in preservec 
goods; and in such small quautities as have hitherto been found, it ii 
very questionable—presuming the tin to exist as stannous hydrate— 
whether any iyijuty would result 

‘ AKolyst, 1880, p. 218,* 
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§ 101. A pea or beau, much used in China in the form of cheese, is the 
Soya hispida,^ Its composition, according to G. H. Pellet, is as follows;— 


Water,. 

Nitrogenous matters (ooagulable 
nitrogen, 6’26), 

Starch, dextrin, and sugar, . 

Cellulose. 

Ammonia, ..... 
Sulphuric acid, .... 
Phosphoric acid, . , . . 

Chlorine,. 

Potash, .. * 

lime,. 

Magnesia,. 

Sulratances iiistdublo in acids, 

Not estimated mineral substances, 
DifToreut organic matters, • 


I. 

2. 

S. 

9-000 

10-160 

9740 

35-500 

27-750 

31-750 

3-210 

3 “210 

3-210 

11-650 

11-650 

n -660 

-280 

•274 

•304 

-085 

•234 

•141 

1-415 

1-664 

1-681 

-086 

•036 

•037 

2-137 

2-204 

2-317 

-432 

•316 

'230 

-387 

•315 

•435 

-062 

•056 

•061 

•077 

•101 

•247 

15-288 

25-539 

24-127 


Lentils. 


§ 102. The lentil is the seed of tho Mrvum one of the Leguminoste. 
Lentils are grown and eaten in all parts of the civilised world, and are 
highly nutritious. They contain, according to H. Ritthausen, 6'9 per 
cent, of legumin, and their general composition is as follows« 

Per cent. 


Water.•'.12-51 

Nitrogenous substances.24-81 

b'at.1-86 

Carbo-hydrates.54‘78 

Woody fibre, 3-58 

Ash, . 2-47 


The general composition of the ash is as follotra 

Potash,. 

Soda,. 

lame.. . . . • 

UagneWj . 

, Perrio oxide,. 

Fhosphorio acid.. 

Chlorine, . .. 


Percent 

84-76 

13-60 

6-34 

2-47 

2 - 00 - 

86-80 

4-68 


> The jiea-cheose is considered, in China and Japan, a very important food. The 
peas {^a hi^da) are soaked in water for about 24 hours, then stimned; th^ am next 
ground to a thin pasta with some of the water which has been wt on one side. The 
. grinding is efieoted by a mill. The matters are filtered, and the mtrata is oonoentrated 
. by beat; and after summing onoe or twine is cooled, the casein ceagulaied ^ plaster, 
and a salt, which appears to be chloride of magnesium, added, l^e ehewe is greyish- 
w wMta, and has the following general composition 

Per cent. 

Water,.. . 80-37 

i Fatty matters,.2-86 

- Nitrogen,. . . 76. 

; • ■ Ash,.. . . , -76 

' —M. Stanislans Jnlien at 11, Paul C3iam^a» 

I" * “ItiduilriadtfSmpinCIMnott.'' 






















Bkans, 


§ 103. The beans eaten in this country are mostly the kidney bean, 
Pltaseobie migare, and the broad bean, Vicia /alia. The following is the 
average composition of these vegetables:— 




Broad bean. 

Sidney bean. 

Water, 

, , 

. . 14-34 

13-60 

Nitrogenous substances, 

. . 23-es 

23-12 

Fat, . 


1-63 

2'28 

Carbo-hydrates, . 


49-25 

63-63 

Woody nbi’e, 

, , 

7-47 

3-84 

Ash, . 

• 

8-16 

3-63 

The percentage composition of the ash of these different beans 

following composiUlon:— 






Broad bean, 

Kidney bean. 

Potash, . • 


. . 42-49 

44-01 

Soda, . 


. . 1-34 

1-41) 

Lime, 


4-73 

6-38 

Magnesia, . • 


7-08 

7-41 

Ferric oxide, 


. . -67 

-32 

Pho8])boric acid, 


38-74 

35-00 

Sulphiiric acid, . 


. . 2-63 

4-06 

Silica, 


-73 

•67 

Chlorine, . 


. . 1-67 

•86 


From both the broad and the kidney bean a small quantity of 
cbolcsterin can bo separated. According to Bitthausen, the Icgumin of 
the kidne^ bean has a composition dii'erent from that of other legumins; 
for while tlm percentage of nitrogen in pea and millet legumin amounts to 
16'77 ij^^’ent., that of kidney bean Icgumin has only 14'71 per cent. 
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MILK, CREAM, BUTTER, CHEESE. 




PART IV.-MILK, CREAM, BUTTER, CHEESE. 


MILK. 

HrSTOBIOAI. I»TBODUOTION. 

§ 104. Before the birth of experimental philosophy, the origin rather 
than the composition of substances was the subject of inquiry, and of 
fanciful and more or less ingenious conjecture. Milk to the ancient, as 
well as to the modem world, was a fluid of great virtue. Aristotle affirmed, 
‘ Imc cat tamjnu concoetnn, non eormptns’ which may be translated. Milk is 
ilahorafad, not ileamposed, blood—m opinion identical with that held by 
uineteeuthiCentury philosophers. 

Averroes, Avicenna, and others, reasoning in part from the difficulty 
with which many females conceive while suckling, held that milk was 
altered menstrual blood. Avicenna, indeed, formularised tjiis doctrine by 
declaring that the menstrual blood of the pregnant was divided into three 
parts—port going to nourish the foetus, part ascending to the breasts, and 
the remainder l)eing an exorementitious product. Those opinions may be 
traced to writers of a much later, almtfflt modem epoch. The ancients 
wore acquainted with only three constituents of milk—vis., butter, with 
which they nacd to anoint their infants; casein, which they precipitat^ 
with vinegar; and the whey from which the curd and butter had separated, 
and this, up to tlie early part of the sixteenth century, constituted the whole 
of what was known as to the composition of milk. Placitns enumerates 
no more constituents than Avicenna, but devotes several pages to the then 
all-important question as to whether milk was hot, cold,- or moist, and 
concludes that animal milk, as compared with that of human, is cold, 
human with that of animM, hot.- Pbritusl was an upholder of the 
menstn^ theory. Panthaleon® similarly cites with appr(^ the dictum 
that milk is a fluid superfluUii, twice concocted in the breasts, and gravely 
discourses, as stat^, whether4t is hot or cold.*. He Recognises three parts 
only in m’lk—viz., serum, butter, and curd. His treatise is mainly 

’ SeitiPlaoitiPsnyrionBis: De Matara et Xkn LcuMs, MDXXXVIII. It would appear, 
according to this author, that tboOennans in his time used the milk of all animsls, for 
he enumerates the milk not only of cows, mares, and goats, but also of pigs. 

* SumiinaLattiicinorwni, 1S28. 

* There are several other trestises on milk about this epoch, but they nearly all, as, 
..for eaunple, that of Geener {LibsUas is. Laets it Oferibut Ladanus, auth. Oentsdo 
1 Oesneto, llfdico), oonsut of oommeatariee aa the opinions M older writers, and are of no 
wtttaa. 
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composed of references to the ancients, and the usual disputations as to 
whether milk is hot or cold. The first mention of a fourth constituent of 
milk occurs in a curious work by Bartoletus, published in 1619. Bartoletus’ 
called it the * manna ’ of milk, or ‘ nitnmi wri lactin.’ In his days sulphur, 
mercury, and a saline priuoijdo, were considered as the three active csaences 
of all things, and as existing in all things; hence, Bartoletus, from the 
yellow colour of butter referr^ it to a sulphur principle, the whey, doubtless 
from its mobility, to quicksilver, and the curd to a saline element. He 
then compares milk with blood, also com])osed of a sulphurated, saline, and 
mercurial principle.'* The discovery of Ikirtoletus for a long time was not 
known beyond Italy. A French apothecary, named Bartholomew Martin, 
writing in 1706,® enumerates the constituents of milk as three—butter, 
analogous to sulphur, serum to mercury, and cheese to salt; but was not 
acquainted with milk-sugar, although eight years l)eforo Ludovico Testi * 
had written an entire treatise on it, calling it by the name it now besirs. 

In the early part of the eighteenth century, Leeuw’onhoek discovered 
the microscopical characters of milk. He saw that it was a fluid containing 
many globules. Some, which he judged to be of a buttery nature, rose to 
the top of the liquid ; and others, again, rather sauk to the bottom, aud 
wore evidently different in oomijositiou.® Some twenty years later, A. 
Donn^, in his Com Mieronatpiqm,^ published some beautiful plates of 
several kinds of milk, fresh and sour, human and animal, exhibiting the 
globules, etc., drawn to sesale with wonderful accuracy. 

§ 105. In the early part of the eighteenth century flourished the school 
of the illustrious master Boerhaave, who laid the foundations of animal 
chemistry. Boerhaave saw in milk the most perfect food, aiid to him it , 
was a fluid containing, wrapt up in mystery, all the elements of the body. 
Hence he laid the greatest stress on the importance of its study, aud withovit 
doubt his example and teaching were the immediate cause of the numerous 
experiments cai'ried out by liis disciples, Vullyanoz, Doorschodt, and others. 
Boerhaave says ^— 

" An auimal is composed of matter which was not that animal before, but is changed 
into it by the vital power of the animal. . . . Milk, tlterefore, appears to be the hrst 
thing to be examined, for this is a true chyle, and much less diluted with the lynqih flian 
the rayle when poured into the subclavian vein, and therefore approaches nearer to the 
aliment. It has flowed through the veins, the heart, the lungs, and the arteries, and 
therefore has been mixed With all the juices, and being afterwards separated by the 
particular strnotnro of the breasts, it may bo collected and examined apart. Milk is a 
liquor prepared from the aliment chewed in the mouth, digested in the stomach, 
porfe^ by the force and juices of the intestines, and elaborated by means of the 
mesentery and it* glands and juices, and the juioos’of the thoracic dnot; it has undergone 
some actrons of the veins, arteries, heart, lungs, and juices, and begun to bo assimilated. 


> Bartoletus was an Italian physician, a profoesor at Bologna and Mantua, a. 1586, 
D. 1630. His work is entitlod, Eneyehpadia Bermetieo-Dogmatka aive Orbia 
JMrimrum, 1‘hyawlogiea, SanMka, 4 Therapeulim. Bononis, 1619,4to. The quarto 
is little over 300 pages, and is divided into five parts, vis., (1.) Physiology, (2.) Hygiene, 
(8.) Pathology, (4.) Semiotics, and(6.) Therapeutios. 

• "Miminlactavideraaat, inqiuaatvaitportiomemmaHliquorii tmti/roaandplMiTeca 
aaeoaa two aaline aubatantia reajxmdat, fta in aanguine alia a\dphvraaa, alia aaline. 
alia mamirialca aiibatanliix propartimalitar raapondat. ” 

’ TraiU du Lait, par Barth. Martin, Apothicaire, Paris, 1706, 

' * JUlaeioM amomanh il Zuocherodi Latte, ISiS, 

• Aetiers, tome fi., 4to edition, 1722. 

• Cours dt Stieroaaopie, 8vo, Paris, 1844; AUaa, in folio, Paris, IM. 

r " The Practice of Chemistry," translate ftnm Boerhaave^B Elaanenta Cketnkca By 
Peter Shaw, M.D. 2 nd od. cLonA 1741, Svols., 4to. 
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yet may be bed eeparete and disohaipd out of the body. And thne, by their own uS 
prejwred from the proper matter of the chyle, all the known animala that have milk a 
nouiisbed, both male and female; for milk ia always prepared from the chyle as well i 
men as in women, as well in vu-gina and barren women as in mothers and nurses. Wheni 
every snch animal consists, is nonrished, and lives on its own proiwr milk, and from tli 
alone prepares all the other i>arts, both the solid and fluid, by moans of the vital action 
It is now certain that men may live for years U)ion milk alone, and perform all tl 
actions of life, and hare all the solid and fluid ])aits of their bodies pertretly elahorah 
thereby. The serum, therefore, the blood, the lymph, the spirits, bones, caitilagy 
membranes, and vessels, ])rooeed from milk, and if a man may live for years nmn mil 
alone, milk must contain in itself the matter of all the pacts of the human body.” 

•Boerliaave appears to have tested milk with a great variety of res^ent 
and found that it was curdled hy all acids, whether nitric, acetic, hydr 
chloric or sulphuric, or by acid vegetable juices. He also distilled milk, an 
found that it gave no spirit on distillation. “It also appears not tocontai 
any trace of saline flatter, being inodorous and perfectly insipid, and causin 
no pain if dropped into the eye.” On boiling milk with alkidies, Boerhaai 
was the first to notice the yellow colour caused by the decomposition of tl 
sugar. He thought that a similar change took place in fevers, for I 
notices the yellow milk of feverish women, and warns the physician that 1 
must not suppose the yellowness to be caused by an acid, but rather by s 
aikaliue tendency, and by too much heat. Boerhaave paid particuli 
attention to the state of the milk in fevers and infectious diseases; “ and i 
the last contagion among the cows, whilst their meat remain^ in tl 
stomach, and was neither discharged upwards by ruminating nor espelk 
downwards, and therefore tnily putrefied with the violent degree of liea 
so that the stomach was almost scorched with heat, as we explained tl 
thing . . •. Then the milk grew sharp, yellow, somewhat foetid, and th 
in the dug, and in this form was either milked out ordropped spontaneously. 
He also condemned the use of milk from heated or improperly fed animals, 
or those suftieriug from fever, and remarked that it would be found of a 
foetid urinous odour, yellow in colour, thin, of a saline ungrateful taste, and 
acquiring, after a time, on odour of rancid cheese.* 

g 106. Bperhaave, so &.r as is known, made no quantitative determination 
of any of the constituents of milk; but a very early attempt is found in a 
research undertaken hy Geoffiroy, published in 1737.® This experimenter 
took 12 lbs. of milk, and after coagulating the fluid, heated it gently over 
the fire, in order to separate the congulum more completely. The liquid 
was now filtered, and the serum and coagulum both weighed. The serum 
weighed 8 lbs., the ooagulum 2 lbs. 7 oss. The serum was then evaporated 
to dryness, and left a residue weighing 7 ozs. 24 grains; in other words, it 
amounted to 5'2 per cent.; and since it must have been mainly composed 
of milk-sugar and salts, the determinarion is almost as exact as that of any 
analysis of the present day. He now appears to have distilled the residue, 
and obtained empyreumatic products, and a ‘ caput mmiuum,’^ from wliich 
he extracted soluble salts by lixiviation, and among these salts he recognised 
chloride of sodiuih by its cubical crystals. 

DodrscLodt* experimented on milk, possibly uuder the immediate super- 
intmidence of Boerhaave ; for he distilled it, and poticed that the distillate 
* A work by Dmnoncliaui, .about the period of the Boerhaave school, De LacU 
Mmmecnim a lingiMint, Fetme J. DnmoBohsox, Duaci, 17S4, oontuins nothing new 
about the composition of milk, Imt merely sites the opinions of othen. 

® Commareimi LiUrarium ad lU meiioat tt Seimtiai Saturalis InenrnaUum 
- InUiiiMum, etc,, 1737. . 

i‘ - * The caput mortuMm was the hams of any reeidue left^fter distillation in the retort 

iV . * Hormone Dooisohodtr ite £a<4«. 1767. 



raa neither acid nor alkaline, concluding, hence, that water alone was 
wndeneed, and that there was no other volatile principle. He also boiled 
he milk with alkalies, and details with great precision the successive changes 
>f colour. He appears to have been the first to notice that alcohol coagulates 
nilk, anil also that it may be prosciTod by borax and other antiseptics. 

§ 107. M. Vullyanois, another disciplo of Ikxirhaare, published a tract,' 
n 1756, on the essential salt of mil^ which tended greatly to spread a 
knowledge of the substance discovered by Bartoletus, and described so fully 
ay Testi the Italian. It would appear from his treatise that sugar of milk 
was then an article of commerce, but that there was great difficulty-in 
areparing it white and pure. “ There is in SwiUerland a chemist named 
Sremius who has composed the ult admirably, but unfortunately he will 
not impart his secret to any one. This is the more vexatious, because the 
salt ho is proprietor of is infinitely finer than the others; it is whiter, 
sweeter, and dissolves better oh the tongue.” The method used in the 
Lime of Vullyanoi! was simple evaporation, but he complains that the 
product was often ‘sour,’ and was not the same as the Swiss sugar. 
Vullyanoz established the fact that all herbivorous animals, us well as 
women, gave sugar of milk; he also investigated the solubility, and found 
it insoluble in hot alcohol, in spirits of ammonia, and in very pure aqua 
fortis, etc. Noticing that it cflervesced with nitric acid, ho made experi¬ 
ments which proved it to be a neutral salt, and thence drew an analogy 
between milk-sugar and soap, concluding that the latter contained an oil 
and also an cmid, that it could be fermented, and that on distillation it 
yielded an acid, and was decomposed by sulphuric acid.^ 

§ 108. Thu next important paper on milk in order of time, is that of 
Volteleniis,® important because his experiments were quantitative. He 
took 42 OSS. of cows’ milk and distilled it. The process was conducted 
very carefully, and occupied many days, and, as may be expected, was 
very troublesome, from the irregular bursts of ebullition. By the fifth day 
he obtained 29 ozs. of distillate ‘ Aqtta Lactis DmtHlata ’; in other word^ 
his determination of water was 69 per cent., much below the truth. The 
residue in the retort weighed 2 ozs. 3 drras., and effervesced with alkalies. 
He now increased the fire, and obtained an unctuous oil, weighing 14 drms., 
mixed with what ho calls an oily spirituous matter, acid, acri^ and like 
the spirit from guaiacum wood. 'The carbon in the retort weighed 10 drms., 
but on burning to an ash it weighed 3. The ash, boiled with water, left 2 
drms..insoluble. In other words, he determined the ash to be *89 per cent., and 
the soluble portion ‘31 per cent. Hence, Voltelenus most certainly m^e a 
correct determination of the amount of saline matters in milk, and was 
probably-the first who did so. Voltelenus next made a similar experiment 
with women’s milk, taking 32 ozs., from which, in thirteen days, he had . 
distilled over 31 ozs. 6 drms. of odourless liquid. Here, unfortunately, his 
retort broke; but he concluded that human milk is resolved by fire into much 
water and spirit; a doable oil, a double salt, fixed and warin alkali and earth, 
to which may be added a ‘ 0piHHu mi genera. ’ He refers to sug&r of milk, and 

> “Snrk sd eoeiitieldehait,” Par M. Vullysnoz, Doctear en Mideoine k Lausanne. 
"Beoueil F4riodiqae, Observations ds Mkdeeiiie, Cfairaigie, Fhatmocie,” etc. For Id. 
Vandermonde, 1766. 

'* Snbseqnenttotheworki^VuHysnosappesredatreatiseenmilk.sagar,“Ibhandinng 
vom bfiloh-Znoker ” Brsunsobweig, 1772, by Ct. S, Liohenstdn, who oonsidend it on . 
earthy salt, and called it Urm-ptmim Ku mtdiem. ^ ; 

. • Floris Jacobi Voltilenivi De Xarfe BnmoM ejmqm eun Aiino et Ovillo 
noramms. eto. TiiiwisR. 1772.'’ ' 






affirm that he has separated a similar suhstanco from human milk. The same 
process was applied to asses’ milk, 32 ozs. being distilled over a sand-bath in 
three days. On the first day a lactescent distillate came over, in quantity 
amounting to 1 oz. 17 drms. 1 scr.; on the second day, a more limpid 
liquid, amounting to 19 ozs. 4 drms.; and on the third day there came 
over 6 ozs. 1 drm. 1 scr. of a feebly acid liquid; by tbe fourth day ho bad 
to increase the heat, and obtained a black opaque oil, which separated on 
standing into three parts—a thick substance, a thinner, and what he calls 
a spirit. The carbon in the retort was weighed and then burnt. The ash 
weighed 3 drms., and on lixiviation the insoluble portion weighed 2 drms. 
1 scr. He made precisely similar experiments on the milk of the sheep— 
identified salt, determined the amoimt of ash, etc. He tlius came to the 
conclusion that ail milk had the same constituents. 

Jj 109. Schoepfl^ in a very learned pipcr,^ containing full references to the 
works of his predecessors, was the first who noticed the yellow colour of the 
whey—‘ liquidem colore diluti citrinum.’ He crystallised milk-sugar, and 
determined its amount with fair accuracy; but did not know exactly what 
it was, for the crystals were of a yellow colour, and reddened syrup of 
violets; hence they were probably contaminated with lactic acid and 
oolouring-matter.2 One of the last workers on the chemistry of milk, prior 
to the nineteenth century, was Scheele, who discovered lactic acid, and 
established that phosphate of lime was always present in the casein. He 
considered, m fact, that the casein formed with lime a true combination, 
the proportion between the two being from 1 to I'B per cent, of calcium 
phosphate to every 100 parts of dried casein.® Experiments similar to 
those recorded were undertaken by Hoffman, who determined the total 
solids of cows’ milk to be 13‘5 per cent.; of asses, 9‘B; goats about 10 
per cent.; and of human, 9. He exhausted the total solids by water, and 
evaporated and weighed the soluble matter thus extracted, but no accurate 
result followed; and, indeed, it is very difficult to dissolve out n«lk-sugar and 
salts fully from the milk solids, unless they have been previously deprived 
of their fat. Caspar Neumann repeated and enlarged the experiments of 
Hoffman; he made out that cows’ milk contained 14 per cent, of total 
solids, and he also distilled milk as well as butter. From 16 ozs. of fresh 
butter, distilled in a retort, at first over a sand-bath, and afterwards over 
an ,cq)en fire, there arose 1 oz. of liquor of no remarkable smell or taste; 1 
oz. and half a drm. of a reddish acidulous liquor, which smelt like burnt 
hotter; I drm. of a brownish-yellow oil; 3 ozs. 3 drms. of a yellow oil; 1 
oz. 6 drms. of a white, and 6J drms. of a yellowish-brown oil—all of a 
thick butyraceouB consistence, and a volatile smell like that of horse-radish; 
and 1 oz. 6 drms. of a thin empyreumatic oil, which smelt like the Olam 
philosophorum, that is, old olive oil distilled over from bricks Tlmre was 
not the least mark of any volatile alkali in the whole process. The caput 
mortuum weighed 3J drms.* 


’ Spuimm humgu/rdU Clumux-medieim dc VariU Lacliii SutnUi ScUidia aliiMiut 
l^ubulantius .'n ^jvadem parU AqwM CtmietUit, etc, Lude-icus Augustus Schoepff, 1784. 

^ Previous to S^oouff, Beauiu4 appears to have mode an accurate determiiiatioii of 
the amount of salt in milk, saying that the third evaiwiation yielded cryetole of see salt,- 
in the proportion of 7 to 8 grains per pint Peaume: Diet, itc (Mum, it, 1778, 488. 
Bouellinm dmiied that the crystale were those of sea.salt, but oonsidered them “ sails 

^aate aiugue Adda; J/ina Acta Acad. Seg. Sued, Anni 1780; Opuscula 
CAemico., vol. m. Pit 101-118. , j. , i 

* “ The Chemiom Worke of Ouisu Neumann,” abridged and methodised, by Wni. 

-'Irswii. Lond. 1778. ■ . . . • 
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Thk Composition of Cows’ Milk. 

§ 110. Up to the present time the milk of the mammalia alone has been 
fully analysed. This has been found to consist of water, a peculiar sugar, 
albuminous bodies, a small amount of saline matter, and an emulsified fat. 
The milk of every class of animals has not, however, yet been examined 
completely; and although it may be presumed, on physiological grounds, 
that all milks contain qualitatively identical or analogous ingredients to 
those of the cow, yet this has been by no means proved. Cows’ milk may 
bo considered first, as its composition is more completely known* than 
that of any other milk.® 

Cows’ milk consists of matters partly in solution,® and partly in sus¬ 
pension; sugar of milk, casein, peptones, lactochromp, saline matters, 
and minute quantities of several other substances are dissolved in water, 
whilst milk-fat is apparently emulsified, and a portion of the casein is in 
the form of extremely fine granules, which can only bo arrested by 
filtration through porous earthenware, or a similar filtering medium. 
When a very tMn layer of healthy milk is examined by a microscope, the 
milk-fat alone is visible, and appears in the form of innumerable globules, 
the number of globules dcjKsnding on its richness in fat. Thus M. K. 
Bouchut found in different samples of milk the following varying 
numbers:— 


Olobttles In a cubic millimetre. 

Bpeciilc gravity. 

Fat per litre. 

1102500 

1022 

24 

1820000 

1021 

21 

1925500 

1080 

26 

2105000 

1028 

29 

2206000 

1032 

37 

2306000 

1028 

29 

2205000 

1082 

87 

2400000 

1030 

37 

2407000 

1083 

34 

2692000 

1030 

29 

8700000 

1030 

34 


It would hence appear that good milk contains from about two to three 
and a half rifllions of globules in every cubic millimetre. It has hitherto 
•been taught that the globules are surrounded by a thin pellicle or 
membrane, and, as a proof of tfie existence of this membrane, the fact is 
usually cited that, if yon shake up milk with ether, scarcely any of the fat 
dissolves unless a little acetic acid is first added, which’is sup^sed to act 
by dissolving the hypothetical membrane; but it may be shown that the 
fat can be extracted from milk by shaking w^h ether, provided that the 
volume of ether to that of the milk be excessive. Further, the globules 
are coloured by aniline red,* and their behaviour with moderate quantities 
of ether may be ascribed to the acids destroying the emulsifying property 

> Tlie milk of the bnlTslo (Boa baialusi has, however, been invesUgsted somewhat 
minutely by A. Pappd and H. Droop Richmond, Joun, Ohm. Sot., Ivii., p. 752. 

* The chemistry of the milk-secreting glands has scarcely been investigated. Bert 
(Ooa hibdoTO., 1879, N. 12) states tliat the gland contains a peculiar body which easily 

up with the production of a sugar by boiling with dilute sulphuric acid, or even 
^ply with water. _ . , ,, 

* The specific gravity of the whey of milk is from 1‘0280 to 1 0802 at 16 '6 (rieth), 

* De Siue^: Ar^ it Phyitol., 1874, 497. 
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01 Eiie muK. ivur oau uue unueiBouiu, on we 'memorane' cneoiy, now— 
when milk in thin layera is dried at the ordinary temperature df the air, 
and under conditions which involve no destniction of the membrane,. 
should this exist—to account for the fact that ether so readily dissolves 
the butter fat. Hoppe-Seyler' has indeed, by estimation of the proportion 
existing between the water and casein in cream, considered that a casein 
layer exists round fat globules; yet this must be so thin as not to be 
capable of estimation by weight. From these various facts the existence 
of the membrane is still doubtful. 

,§111. Amphioieric Jieaelion of Milk. —Milk when tested immediately 
after its removal from the cow, has a peculiar action on litmus and 
turmeric paper, turning litmus blue and turmeric brown,—^the so-called 
'Ampldoterie Reaction.’ On this point alone, although of no great im¬ 
portance, there is a most voluminous literature.® The amphioterio reaction 
of milk is similar to that shown by a solution of magnesium-hydric phos¬ 
phate to which a little acid has been added, and is probably due to the 
acid phospliatc of the alkalies existing in milk. It must also not be lost 
sight of, that there is a continuous development of COj in milk, which 
gas in solution is always present; and this being the case, its feeble acid 
reaction must have an influence on the total reaction derived from other 
substances. Milk ultimately becomes decidedly acid, and has a constant 
tendency to acidity.® 

§ 112. Total Solids of Milk. —The amount of solid matter in milk 
varies within considerable limits, and is much influenced by all circum¬ 
stances that affect the health and nutrition of the cow, certain cows 
secreting Rouble and treble the normal amount of fat. The remark just 
made refers to the entire residue minm the water; but if we subtract the 
water as well as the fat, then the percentage of solid matter varies but 
little.'.and in healthy, fairly-fed cows does not, save in exertional cases, 
fall below 8'6 per cent. This very important fact, formerly much disputed, 
Iras been (or ought to have been) set at rest by the results obtained in the 
experiments of so many chemists, that it is scarcely worth while reviewing 
the evidence on which it is based. The numerous analyses of Wanklyn, 
Carter Bell, Vieth, and others tend rather to show that the true lowest 
percentage of milk solids, minus fat and water, is 8'9 per cent. The 
highest amount of the same solids which the authors have yet found in 
the secretion from healthy animals reaches to about 11 percent., so that 
at most there is an extreme fluctuation between 8'6 and 11 per cent.—a 
remarkable fact, which a priori would have been pronounced improbable, 
considering the complex nature of milk. 

§ 113. Milk-Fat. —Pure dry milk-fat is at ordinary temperatures a 
solid fatty substance, with an agreeable taste, of specific gravity '9223 to 
•9377 at 16* C., '91200 to '91400 at 37 7 0. [100“ Pahr.]; its melting 
point is 35''8 C. Milk-fat, under the form of butter, is constantly tinted 
more or less yellow from dissolved lactochrome; but it may, by the use of 
suitable sc.lvents, be obtained almost colourless. 

• ArcMv far path. Anatom., bd. xrij., a 417, 1859. 

• & y. , Kritiaohes u. Thatdiobliohes tlber die Hesotion der frischen Milch, by 
J. SchloBsberger, Annul, der Ohem. «. Pham., Ixxxvii, 817,1862 j Idem,, xevi., 78. 
Also a i)»iwr by Vogel, /cant. fUr prakt. Ohem,, 1874, viii., 187, “Uebor das Ver- 
halten c&r Milch sum Lackmus Farbstofle.'* 

• According to 0. Arnold, ArtA. Pham [3], adx., 41, 42, fresh nnlwiled milk gives a 
i, bine colour to tinotoe of guaiaoum; sour milk gives toe same reaction, but not milk 
I / whM has been boiled. 



According to Wigner, from 1000 Tolumes pure fat expands at 37’'7 C. 
[100’ Fahr.] to 1,047'2 at 100’ C. [212’ Fahr.], its average expansion being 
•00076 for every degree Centigrade.^ This is, however, not perfectly 
accurate for the degrees between 6S’'5 C. [150’ Fahr.] and 87°'7 C. 

! 190’ Fahr.], the expansion being slightly in excess of the average rate; 
mt the abnormal deviation between these degrees does not appear to be 
peculiar to milk-fat.^ 1 grm. of the fat requires for saturation 227'3 
mgrms. of potassium hydrate (KHO). This observation (originating with 
Dr. Koettstorfer*) has been utilised by the food-analyst in the distinguish¬ 
ing between butter and other fats. „ 

§ 114. Milk-fat is essentially an intimate mixture of the glycerides of 
the fatty acids—palmitic, stearic, and oleic—not soluble in water, and also 
of the glycerides of certain soluble volatile fatty acids, of which butyric is 
the chief, and caproic, caprylic, and capric acids minor constituents. 

Palmitiii, or TnpdlmUin, C,H5(C],|Hj]0„),, is a wh'ite solid fat, little 
soluble in cold, but readily soluble in hot alcohol or ether. .4 mixture of 
stearin and palmitin crystallises in little needle-like tufts, and was at one 
time considered a definite single fat, and called margarin. On aaponifying 
palmitin by means of an alkali and subsequent decomposition, it yields 
glycerin, and 95-28 per cent, of its weight of palmitic acii 

Palmitic Acid (CkiHjjOj) has a melting point of about 62’ C. It may 
be obtained in quantity from palm oil, and also from the saponification of 
spermaceti. When purified by repeated crystallisation from alcohol, it is 
a tasteless white fat, crystallising in tufts of needles. 

Steann, or Tridearin, C,H5(CjgHjj02)j, is a white solid fat, melting at 
about 66° C., and is a special constituent of fats with high meltjng points. 
On saponification and subsequent decomposition of the soap by a suitable 
acid, 95'73 per cent, of stearic acid may be obtained. 

Stearic Acid, —This acid is to be found in nearly all animal 

fats as well as in a few vegetable fata. Stearic acid is an article of 
commerce, and made upon a large scale, especially in the manufacture of 
stearin candles. For this purpose, animal fats are saponified by hydrate 
of lime; the lime compound is subsequently decomposed by dilute sulphuric 
acid, and the mixture of oleic, palmitic, and stearic acids submitted to 
strong pressure ; by this means, the oleio acid is separated, and a mixture 
of pdmitic and stearic acids obtained, which in commerce is known as 
stearin. From this commercial stearin, stearic acid may be obtained by 
solution in alcohol and fractional precipitation by acetate of lead or barium, 
the stearate of lead or barium, as the ease may be, separating before the 
pelmitate. On decomposing the salt with sulphuric *cid, and dissolving 
in q acid in boiling alcohol, stearic acid crystallises, as the solution cools, 
as el^*® glistening needles or leaflets, which appear under the microscope 
If impul®*^ losengo plates. The melting point of stearic acid is 69°'4 C. 
feel greasy ** otyatallises in needles. It is without odour or taste, does not 
lOr ether fro^ touch, and dissolves in all proportions in boiling alcohol 
i> Oleilt, or i ** separates on cooling. 

sists of olein wlj(?^“"> C! 8 ll 5 (Ci 8 H 5 sOj)g.—Over 40 p«t cent, of milk-fat con- 
’ "'th is a oombination of oleic acid with glycerin, and is at alt 

• Allen gives the diife. 

*- On the Eatio of 
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ordinaiy temperatures a fluid oil, solidifying about 5” C., at nrss colourless, 
but soon becoming yellow from absorption of oxygen. It has the power of 
readily and copiously dissolving palmitin and stearin, and is soluble iu 
absolute alcohol or ether. On decomposition, olein yields 95'70 per cent, 
of oleic acid, CjgHjjOj. 

Pure oleic acid is difficult to obtain, since it so readily oxidisea When 
perfectly pure, it is without colour, taste, or smell, and lias all the appear¬ 
ance of a colourless oil; at a low temperature (4” C.), it oiystallises in 
needles; on destructive distillation, among a variety of gaseous and liquid 
products, it yields an acid known as sebacio acid (CjgHigOg), which is a con¬ 
stant product when any oil containing oleic acid is destructively distilled. 
Oleic acid forms two classes of salts, normal and acid. The normal oleates 
of the alkalies are soluble in water, but the other salts of oleic acid are 
insoluble iu watcr^ no exception being found oven in the case of the acid 
salts of the alkalies. The oleates of lead and copper are soluble iu ether, 
as well as iu cold anhydrous alcohol. The analyst takes advautogc of this 
fact to separate the oleates of lead and copper from the stearates and 
palmitates, which are insoluble iu ether. 

liutyrin, Caproin, CaprijUn and liutylin have not yet been so|)nrutcd iu 
a pure statu; they yield on saponifloatiou butyric, caproic, caprylic, and 
rutic acids respectively. 

Bittyrie Acid, CgHjOg.—There are two butyric acids, one, normal butyric 
acid, CgH.COOH, boiling point 163''4 C., specific gravity ‘SSIT at 0°; the 
other, isobutyric acid, C(GH 5 ) 2 H.COOH, boiling point 154° C., specific 
gravity '8698 at 0° C. The latter has a less offensive odour than normal 
Wyric aeid. Butyric acid is found in several plants, such as the locust 
bean, the fruits of the Sajnndus tapomria, in the Tamarindus Mica, tho 
Anfhcmia nobilie, the Taniicetum mlyare. Arnica inorUana, the fruit of tho 
Oing/iO biloba, and prolmbly several other plants. Butyiric acid is tho 
characteristic fatty acid of butter, and butter fat contains from 3 to 4 per 
cent, of it. Butyric acid is volatile, and may be distilled unchanged; it 
is also soluble in all proportions in water, alcohol, and ether. Most of the 
salts are soluble.- baric butyrate crystallises in long prisms with four atoms 
of water; zinoio butyrate in anhydrous pearly tables, which are remarkably 
soluble; cupric butyrate is bluish-green, and but sparingly soluble. Calcic 
butyrate is a very characteristic salt, for it is more soluble in cold than in 
boiling water, consequently, when a solution is boiled some of the salt is 
precipitated. The most characteristic reaction of butyric acid is its easy 
etherification by treafrnentwith sulphuric acid and alcohol. In this way is 
formed butyric ether, which has a powerful smell resembling that of pine¬ 
apples. Its specific gravity is ’902, and boiling point 119" C. 

Caproic Add., CgHjjOj.—There are' two caproic acids, the one, normal 
caproic acid, CjHuCOOH, boiling point 205° C.; the other, isooaproic acid, 
Cg(CHg)jHjCOOli, boiling point 199° to 200° C. Caproic acid occurs in a 
very large number of plants, and has been found in human perspiration 
and in cheese. It is almost insoluble in water, is volatile, and may be 
distilled unchanged. The ca^ate of silver is in large thin plates, almost 
insoluble in water, and but sli^tly sensitive to light. The caproato of 
barium is soluble. 

Caprylic Acid, CgHjgO,—fusing point 68” C., boiling pint 236° C. 
The amount of oapryuc aoid'iu butter is very small. It is slightly soluble 
in boiling water. 

Butic Add, C,oHa)0,.-ii white crystalline !®lid, fusing about 29*'3 C.- 
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This acid, in combination with glycerin, also occurs in very minute quantity 
in milk-fat. It is even less soluble than oaprylic acid. 

g 11.'). Tlte Alhuminoids of Milk. —The albuminoids of milk comprise 
at least three principles,—viz., casein, albumen, and nuclein. To these a 
fourth substance used to be added—viz., lacto-protein; but this, as the 
authors have shown,t is not a simple substance, and it is probable that it 
is a mixture of peptones. Casein appears but little, if at all, different from 
alkali-albuminate, the minor differences which exist being, with probability, 
ascribed to impurities. It is true that when milk is filtered through a 
porous cell, casein, fur the most part, is left behind ; while, if a solutiorr of 
alkali-albuminate is similarly treated, it passes through. Experiment has, 
however, shown that a solution of alkali-albuminate shaken up with 
butter fat behaves exactly like casein; and similarly, Soxhlet has proved 
that a concentrated solution of audio carbonate precipitates both casein 
and alkali-iilbuminato, provided they arc under the same conditions, 
and that it does not (as asserted by 2ahn) leave alkali-albuminate in 
solution.^ 

Hoppo-Soyler® does not adopt altogether this view; for although he 
states that without doubt no other albuminoid, in its properties, stands so 
near casein os alkali-albuminate, yet the notable difference in its power of 
rotating a ray of pohiriscd light, and its behaviour to rennet, separates 
casein as a distinct substance. The casein of either cows’ or goats’ milk, 
not only in acid fluids, but in perfectly neutral solutions, is coagulated by 
gastric juice or a watery extract of the stomach. This coagulation takes 
place slowly at common temperatures, rapidly on warming; and the cause 
of it, according to Hnmmerstcn, is a body distinct from pepsin. ' Hammer- 
sten finds that the casein of cows’ milk, in the al>scnce of lime salts, is 
coagulated by the addition of an acid, but not by rennet. A solution of 
casein which 'lias been precipitated by an acid, run into lime ivater 
neutralised by very dilute phosphoric acid, quickly coagulates on the 
addition of rennet, but without rennet neither on the addition.of an acid, 
nor on boiling. Hammersten considers that the chemical change produced 
in the coagulation of casein by rennet, is the splitting up of the casein into 
two bodies, one of which is precipitate, and an albuminoid, which remains 
in solution, and is neither precipitate by boiling, nor by any of the 
following reagents—acetic acid, potassio ferrocyanide, or nitric acid; but 
is precipitated by mercuric chloride, and also by Millon’s reagent. 

Casein is precipitated by a variety of substances—load acetate, cupric 
: sulphate, ahun, mercuric chloride, tannic acid, rennet, sulphate of magnesia, 
and mineral acids, if not too dilate; but none of these precipitate casein in 
a pure state, the precipitate usually containing fat, nuclein, and phosphate 
of lime, the latter, as already stated (p. 193), in the proportion of from 1 to 
, I'S.per cent, of casein. The best prempitant is sulphate of magnesia, 
- whi(^ leaves the nuclein to a great extent in solution. The fat may 
‘ then be extracted by ether; but the phosphate of lime is in true combina- 
; ■ tion with the casein, and only a portion of it can be removed., ‘A solution 
.of casein in combination with sulphate of magnesia, and freed from fat, 
turns a ray of polarised light in dilute alkaline solution, [a]i, - 87*; in 
strong alkaline solution, - 91°. Pure casein is a perfectly white, 

1 Comporition of Cows’ Milk in Health and Disease, Jam. Chem. Sue., 1879. 

’ ’ Brit^e zar physiol(^schen Chemie der Milch, by Dr, F. Soxhlet Jamal fUr 

(fmklischt Ghemit, vol. vi., p. 1, 1872. 

Hoppo-Seyler, PKytMogmu Chmit, p. 830. 
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brittle, transparent substance, insoluble in water, but soluble in very dilute 

IS little doubt that a true chemioal ooinbination is formed. The presence 
of phosphate of soda in a solution of casein (as, for example, in the milk 
Itself), prevente the precipitation by simple neutralisation by an aoid, the 
^in not falling down until the acidity of the liquid is decided. It has 
teen shown ly ScAutzenterger that, on sealing up casein in a tube and 
heating with baryta water, it tehuves like albumen, and is resolved into 
the followmg substancesThe elements of urea (ammonia and earten 
di«ido) t^s of sulphurous aoid, of sulphuretted hydrogen, 6f oxalic and 
acetic acids, tyrosin, CjHjjNOj, the amido-aoids of the series C„IT,„j.,NO„ - 
coiresponding to the fatty acids, C„Hj,.0^ from amidosnuanthyhe a!cid to 
ami^i-pi-opionic aj=id-leucin CeH„NO„ tetain, C,H„NO„ Ind amido- 
butyric acid, C^^NOj, with a few less known or identified products. 
Many of these substances may be identified in putrid milk. 

The amount of casein in milk is fairly constant, being about 3'0 per 
cent.; ana the authors have never known it exceed 6 per cent. 

Serum-arnmm occurs in milk, in no respect differing from the albumen 
of the blood. By careful addition of an alkali, this albumen may be 
changed into alkali-idbuminate--that is, into casein; therefore, according 
to this view, the albumen in milk may be considered the residue of an 
incomplete reaction. Albumen is not precipitated by acetic, carbonic 
pliosphonc, or tartaric acids. A small quantity of a dilute mineral acid 
does not precipitate; with a larger quantity of concentrated mineral acid 
the solufaon becomes turbid, aiid.tho deviation of a ray of polarised light 
mcr^ed^ a still larger quantity of acid precipitates it as acid albumen, 
the test methte to obtain a solution of pure albumen is to precipitate a 
solution by basic acetate of lead, pass earten dioxide through the mixture, 
Kparato the carbonate of lead by filtration, and, lastly, pa*i8 through it 
hydric sulphide, to remove the trace of lead still existing. Albumen is 
tiion m sdution, but ou adding a little acetic acid, and evapfjrating, it 
may be obtamed in the solid state contaminated slightly with acetic 
acid.' ■' 

Another method of obtaining albumen pure is by dialysis. The 
physical characters of solid albumen differ according to the method of 
separation. Albumen obtained by dialysis is in the form of a yellow 
transparent mass, specific gravity 1-3U; but albumen separated in the 
ordinary wy from milk, for the purpose of quantitative determination, is 
in yeUowish flakes, brittle, without taste or smeU, insoluble in water, 
alcohol, aiHl ether, soluble m dilute oaustio alkali, if gently warmed, and 
from this alkaline solution preoipiteble by an aoid. The amount of 
^bumen in milk is really fairly constant, and averages -4 per cent. 

In healthy cows it is a veiy oonstont quantity, the chief deviation 
occurring directly after calving, when the amount may rise as high as 3 
per cent., but this is always accompanied by a corresponding rise in the 
casein. According to the authors’ experience, the albumen preserves 
very constantly the above relation to the casein; so that if either the 
mount of oasein or albumen is known, the one may be calculated from 
the other with great aocuraej. 

.ni to horo boon one of the first who detected the presence of ’ 

WDumen in milk. He estunated the amount in cows’ milk aa per cent Dimriatio ' 
Lacti, ItMbra Chmiam. C. log. Meggenhofen. 



warasTfipH AJ»D AJTAjjyais. .^5 iio. 

Nuclein .—Nuclein is the organic phosphorus cuuipouiid of milk, 
'containing, according to Micschcr, 9'6 per cent, of phosphorus. Its 
formula is It is by no means poonliar to milk, but has 

been found in the blood, in pus, in the yolk of eggs, in the liver cells, and 
in yeast cells. When freshly predpitatw, it is a white amorphous body, 
somewhat soluble in water; freely soluble in ammonia, soda solution, and 
phosphate of soda. The special test distinguishing nuclein from other 
albuminoids is the presence of phosphorus, and the production of no violet 
colour, either by Millon’s reagent, or by a copper salt, added to a solution 
of nuclein alkaliscd by soda lye: it forms a very definite compound with 
lead, the lead and phosphorus being in the proportion of Pb to P. 

The method adopted by Hoppe-Seylor ^ to sejtamte niiclein from pue, w'as isolation of 
the pus cells by Glauber’s salts, washing with very dilute hydroclilorie acid and much 
water; then ejctiimting Iho nuclein by the aid of a very weak alkaViio solution of caustic 
soda, and tilteiing (which in this case proves a troublesome operation), and preinpitating 
by a miiioml acid. The precipitate is again dissolved in weak alkaline solution, and 
a^in precipitated, and tlie prooess repeated until the nuclein is sujiposed to bo in a 
fairly pure condition. Nuclein may bo sejisrated from milk on tlio same principles, first 
exhausting the solids by alcohol and ether to remove fat. 

S 116. Milk-Sugar, Milk-sugar, so far as is known, is 

only found in human milk, tlie milk of the herliivora, and of the bitch. It 
is easily distinguished from other sugars; its specific gravity is 1 -63; and its 
solution turns a ray of polarised light to the right at 20° C. [aji, »= 4- 62'53°, 
but with anhydrous milk-sugar [«]/,= -l-66‘3°. 

The aerate researches' of Ei-dmann® and Sohmoogor* have shown the^istouoo of 
four modifications of milk-sugar, exhibiting a dilforent rotation to normal sugar, vis,:— 
1. Ciystalliaod milk-augar exhibiting in solution strong hi-rotatinii. 2. Anhydroua milk- 
sugar obtained by dehydrating otyatalliaed sugar at 130°, showing in solution also strong 
bi-rotation. 8 . Anhydrous milk-sugar obtained by quickly evaporating a solution of 
milk-sugar in the presence of aand, or other findy divided substance, so as to ensure a 
large surface j the solution shows slight bi-rotation. 4. Anhydrous milk-sugar iivapomted 
down from a solution quickly, but without the addition of sand or other suhstanco. All 
these modifiostions ore at once tiansformed into milk-sugai' of normal rotation by boiling 
their solutions, or gradually, without tho application of heat. 

Milk-fiugar is soluble in six parts of cold, and 2-5 parts of boiliug water; 
it is iuBoluble in absolute alcohol and in perfectly dry ether, but in dilute 
alcohol and commercial ether it is slightly soluble, the solubility iu 
amount depending mainly on the percentage of water which the ether oon- 
. tains. At 160° C. it loses an atom of water without further decomposition; 
its watery solution is perfectly neutral, and has a sweet taste: the 
sweetening power of milk-sugar as compared with cane sugar is but 
feeble. 

It reduces Fehling’s copper solution in a proportion different from that 
4)f grape sugar (see § 141). Milk-sugar undergoes laotio fermentation 
readily (see § 179), but alcoholic with some difiSculty. Milk-sugar is pre¬ 
cipitated by acetate of lead and ammonia; neutral acetate of lead, even at 
a boiling temperature, neither precipitates nor changes it. The oxides of 
^per, of bismuth, and silver are reduced by solutions of milk-sugar, and 
indigo is decolorised ; these latter reaction!! are similar to those of grape 
sugar. When oxidised by nitric aoid, milk-sugar yields mude acid, acetic 

j Med. Chem. UntersucA., Hoppe-Seylw, Berlin, 4 Haft 

* Berieht d. d. ehem. OadU., xiii,, 2180«'2]84, 

* ibti,, xiii, ins-irai. 



acid, and tartaric acids, and on furtlicr decomposition oxalic acid may be 
obtained. 

liy boiliu)' milk-sugar for several hours with 4 parts of water and 2 
per cent. siil])liuric acid, neutralising with carbonate of lime, ovaporatiug 
tlic filtrate to a syrup, a different sugar from luctoso may bo obtained in 
microscopical crystals. To this altered milk-sugar, the name of galactose 
has been given. Its action on polarised light is [oJ„ + 81‘4° to 81'7“ at 
10° to 15° C.; it is a fermentalde stigar, and yields, on oxidation with 
nitric acid, twice as much mucic acid as milk-sugar. 

• The amount of milk-sugar in normal milk preserves a very constant 
relation to the jicrcentago of protcids and ash, the ratio according to Vieth 
being 13 : 9 : 2. Richmond gives the ratio as 62‘8 : 37'8 ; 8'3. 

§ 117. Mineral Oonstitumts of Milh .—The mineral constituents of milk 
have been fully and early investigated, and the following may be considered 
a very close approlimation to their actual amount and character:— 


Potassium oxide, K.p,.18'82 

Sodium oxide, NsgO, ..11 '58 

Calcium oxide, OaO.2‘2'97 

Ferric oxide, FejOs. '08 

Chlorine, Cl.16'23 

Megncainm oxide, MgO.3'31 

Pliosphoric iicntoxidc, P„0|,.27'03 


Four analyses of milk ash by 11. AVeber and Haidlen give the following:— 


Potosli, . 

• Soda, 
lame, 

Magnesia, 
Fenic oxide, 
Phosphoric acid 
Sulphuric acid, 
Ohloriuo, , 


Mlnimnta 

Muimnm. 

Meotl. 

17'09 

83*25 

24-67 

8'00 

11*18 

9-70 

17-31 

27'.’I6 

22-0 

1'90 

4'10 

3-05 

'33 

76 

.*68 

27 04 

29-18 

28-46 


• •• 

*30 

9‘-87 

16-96 

14*28 


The chlorine is in combination with the alkalies, the iron and the 
earths occur os phosphate, as well as the potassium oxide. So that the 
mineral oonstituents of cows’ milk are, phosphate of potash, phosphate of 
lime and magnesia, common salt, and a trace of phosphate of iron. Other 
mineral inorganic constituents have been found in small quantity. If 
sufficient milk be used, it is not difficult to obtain a fluorine reaction, and 
since fluorides form an essential constituent of the teeth,, it is easy to see 
their importance. A minute quantity of sulphuric acid as sulphates exists 
in milk, averaging from '06 to '08 gnn. per kilogramme; and it has also 
been asserted by G. Musso, that milk contains a sulpho-cyanate. This 
assumption was based on tiie following experiment;—15 litres of milk, 
freed from casein, fat, and albumen, were neutralised by baryta water, and 
evaporated to a syrup, and the syrup extracted with absolute alcohol; the 
alcoholic extract dissolved in water and treated with sine and sulphuric 
acid, yielded some hydrio sulphide; and subsequeut treatment yielded 
from 6 to 21 mgrms. of barium sulphate per kilogramme.i The experiment 
appears to the authors as hardly conclusive of the presence of a sulpho- 
cyanate, and requires further investigation. 

Nadler has ascertained that neither cows’ nor goats’ milk contains any 
iodine: he used for the research ,6 litres of cows’ milk and 3 of goats' 
' JBerich's der detUechUi Aemindim Chmlheh/tft, xt, t>. 161, 1878. 
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milk.* ’ Minute traces of copper have been found in milk; but lead, arsenic, 
and all other metals, save iron, arc al)sent 

§ 118. Other Conutitumfs of Milk .—In 1864, B. Millon and Commaille, 
after coagulating and scpiiratiug the casein and albumen, obtained a pre¬ 
cipitate from the yellow whey by means of a solution of mercury nitrate. 
This precipitate was white, amorphous, and Isicame slightly rod on drying; 
it was insoluble in water, alcohol, and ether, 'lire precipitate was wasli^ 
with water, then with alcohol, and finally with other, and after drying 
weighed. 

grma .. 

Cows’milk yielded .... 2'9 to 3 4 [lor litra® 

Goats’milk ,,.... 1‘62 „ 

Slioe|«>’milk „ . . . . 2'53 „ 

As.ses’milk. 3*28 „ 

Womau’sinilk .. 277, „ 

To this body they ascribed the following formula—CjjHjjNjOj,, 
HgO -k HgO, NOj, and gave it the name of Laeto-jirotdne. In 1879, one 
of the authors studied this body and decomposed i^ and came to the con¬ 
clusion that lacto-proteine, as a single definite substance, had no existence; 
but that the mercury precipitate was composed of two substances to which 
the names of ijahtciiii and lactoehrome respectively were ascribed. With 
these substances are precipitated small portions of albumen, which may 
have escaped precipitation, and traces of urea. 

The method of separation is os follows: The casein and albumen are 
separated in the maimer described in § 142; the yellow whey is then pre¬ 
cipitated by a solution of nitrate of mercury, of about the some stiength as 
that used for estimation of urea; ° the dense fiocculont precipitate is then, 
after suitable washing, susiiended in a very little water, and decomposed by 
hydrogen sulphide. The liquid is filtered, and to the filtrate a slight excess 
of acetate of lead in solution is added, when a dirty-white precipitate falls, 
which is collected, decomposed by hydrogen sulphide, and recomposed by 
acetate of lead until it is obtained perfectly white. On combustion, numbers 
are obtained agreeing with the following formula, ll(Pb 0 ) 2 Pb 0 „C 54 H 7 jN 40 j 4 . 

Galactiii, as obtained by decomposing the lead salt by hydrogen 
sulphide, presents the appearance of a white (or, if slightly impure, a fawn- 
coloured), brittle, neutral, tasteless, non-crystalline mass, soluble in water, 
insoluble in strong spirit. It presents some of the characters of a peptone, 
and can be separated from the yellow whey of milk by the general alka- 
“ 'oidal reagents of Sounenschein and Soheibler.* After the galactin has 
seen removed from the liquid, an aikaloidal colouring-matter (for which 
me of the authors proposed the name of hetodmme) remains in solution, 
md may be precipitated by means of nitrate of mercury. The simplest 
Formula for this appears to be HgOCjHjgKOd. Lactoehrome, as obtained 

I Ueber dan aagebliohen ladgebslt dar Lnft und varschiedaner Nshningsmittal. 
fmmalfUr vridetiadie Chemie, xaix., p. 198. 

* Noavalle Subatanoa contenua dans la Lait Eztrait d’nne Note da MB. E. Millon 
stCoimnsilla ComftaXendus, fix., p. 301,1804. 

* The oidinuy solntion for the estunation of urea ia made bj dissolving 100 grma. of 
pure mercury in naif a litra of nitric acid; a farther quantity of acid ia added until no 
nd fumes arc evolved; the solution is evaporated to a syrap, and after adding enough 
n.trio acid to prevent the formation of a basic salt, it is mode np with distilled water to 
exactly 1400 o.o., eacho.ix = *01 urea. 

* Sonnenschein’s reagent is a nitric acid solntion of phcepho-molybdic acid. Scheibler’s 
reagent is. a solntion of phospboifungstic acid. 
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by careful decomposition of the meronry-oompoimd, is in the' form of 
blight rod, orange, resin-like masses, softening at 100° C., freely solnhle 
in water, very soluble in hot alcohol, but partially separating as the 
liquid cools. There appears little doubt that lactochrome is the cause of 
the yellow colour of milk whey, and also the colouring-matter of butter. 
Thudichum described some years ago,' under the name of bntyro-lutoine, 
the spectroscopic appearances of the colouring-matter of butter. 

§ 119. Two bitter principles, possibly derived from substances eaten by 
the eow, were separated from the milk of Devonshire cows by one of ns 
in <1879. A commercial gallon of milk, measuring 3800 o.o., was freed 
from casein, albumen, and alkaloidal matters by successive treatment in 
the way indicated in § 142, and the whey precipitated by solution 
of mercury nitrate, the mercury precipitate separated by filtration, and 
the excess of the mercury nitrate thrown out by hydrogen sulphide; 
the liquid was tiieiT made alkaline by ammonia, and lastly precipitated by 
tannin. The precipitate was washed, dried, and triturated with litharge 
and alcohol; and, finally, the mixture was exhausted by boiling alcohol, 
filtered, and the filtrate evaporated to dryness. The dry residue was now 
dissolved in water, digested with animal charcoal, filtered, and evaporated 
to diyucss. A dark sticky extract was the result of these various and 
Bucoessivo operations. On treatment by absolute alctdiol, about 20 mgrms. 
of minute white crystals were obtained, which, on combustion with cupric 
oxide, were found tu bo non-nitrogonous, and (so far as a small quantity can 
be trusted) gave a formula closely agreeing with CjHjOjj. The larger 
portion of the extract was of a dark brown colour, very hygroscopic, and 
becoming,quitc fluid on exposure to the air; soluble in water in all pro¬ 
portions, insoluble in strong alcohol, and reducing copper solution on 
boiling, as well as chloride of gold at the ordinary temperature; it also 
rapidly reduced nitrate of silver on warming. The taste wu woody and 
feebly bitter; the reaction was neutral. Two strictly concormmt analyses 
gave numbers agreeing with the formula CjgHjgOj 4 . 

Kroatinine appears to exist in normal milk, for we have separated, in 
the ordinary way, ‘059 of the chloride of zinc compound of kreatinine 
from 310 o.c. of milk; this corresponds to '0115 of kreatinine in 100 c.c. 
of milk. Commaille had already diMovered that in a sample of milk which 
remained some time in a partially closed flask, appropriate treatment 
would give crystals yielding with chloride of zinc, or oxide of mercury, 
kreatinine reactions; and the presence of this substance in small quantities 
as a nOTmal (perhaps constant) constituent of milk is now placed beyond a 
doubt. Urea has been found in almost all animal fluids, and in such small 
quantities as a milligramme per 100 o.o., it is rarely absent, but any 
marked percentage of urea is, of course, a'bnormaL 

§ 120. Milk has a peculiar sweet odour, and the odoriferous principle 
may be separated by agitation with three or four times its volume of 
petroleum ether. MM. Millon and Commaille have recommended bisulphide 
of carbon for this purpose, but it is not quite so convenient a solvent.In 
neither case is any of the milk-fat dissolved. Lactic acid is almost 
invariably present in cows’ milk, and gradually increases in quantity. The 
amount of lactic acid obtained from milk which has been ^awn from the 
cow within the hour is from ■01 to 02 per cent. 

Citric acid is also a normal constituent of milk. 

i '‘Chemical Physiology,”Iw J. L. W. Thadichuin, M.D., London, 1S72, p. 149. 

* Analyu dn Loit, by MM. UtUon et Commaille. ikmfl, Etnd,, i lix, 899, 
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§ 131. Putting in. one view the constituents of milk, so far us is known 
iat the present time, they are as follows:— 

Avkraok CoMi'osiTioN OF Hrai,tiit Cows’ Milk. 


Parte per cent 
hy wciKkt 

Butyrin. 'It 

Caproiii, .... -14 

Cajirylin, .... •02' 

Cttiiiin.•07 

Milk'fiit, . . Laiiriii, .... *20 

Myri.stioin. '79 - 3 90 . 

Pulniitiii, . . . I'OO 

Stearin. '07 

L Olein.1'37, 

Casein,. 3 ■00 

Albumen. 0‘40 

Milk-sugar. 4‘76 

Sodium chloride, . . . 10*62' 

Potassium chloride, , . 9*16 

Mono-pot phosphate . , 12*77 

Ash derived from the Si-pot phospliate, . . 9*2*3 

following salts of Pot citrate, .... 8*47 

which the pereentara-i Si-mag. phosphate, . . 3*71 [■ 78 

composition aecord- Magnes. citrate, . . . 4*08 

ing to Soldner = Si-calcium citrate, . . 7*42 | 


Tri-ealcium phospliate,. , 8*90 

Calcium citrate, . . . 23*88 

. Lime combined with proteids, 8*13, - 

Water, .. 87 **20 

e 


Besides the above there are the colouring-matter of milk (lactochrnme), odnnius 
priiiciiiles, bitter principles (probably derived from the plants eaten), small quantities of 
other proteiJ bodies, kreatinme, urea, alcohol, and Huondes, 


Oases of Milk. 


§ 122. One of the authors Los investigated the gases eontainod in milk. 
Various samples of milk were clamped, on to a mercurial pump, and the 
whole of the gas which they yielded pumped out and received in tubes, 
whence the gas was transferred to a ga-s apparatus and analysed. A litre 
of new milk, while fresh and worm from the cow, connected in this way. to 
Mie pump, yielded 1*83 c.c. of gas, yrhich on analysis had the following 


composition:— 

<xo. Percent. 

Carbon dioxide, CO 9 , ... *08 8*27 

nitrogen, N,. 1*42 . 77*80 

Oxygm, 0,.*38 10*13 


' The projKirtion of oxygen to nitrogen was therefore, nearly as 1:4. 
Another litre of good Devon commercial milk, on being subjected to the 
some process, yielded 3*468 c.o. of gas, the percentage composition of which 
was:— 

Per o^Qt. 

Carbon dioxide, CO|, . , . : . . 60*47 

nitrogen, N,.. . 80*21' 

- Oxygen, 0,.9*80 

- This sample had been standing at a temperature of 16’ 0. for some hours j 

litenee the diminution of oxygen and the increase of carbon dioxide. Various .. 











other Bimilftr experiments Were made, with the result of establishing tti|' 
fact that a litre of fresh milk yields to the Sprengel pump from 1 to 3 o.c. 
of gas, in which there is always a certain percentage of carbon dioxide, and 
in which the relation of the nitrogen to tlic oxygen is very similar to the 
relation that exists in the air dissolved in water; but that fermentation,'at 
any temperature in which fermentation is possible, at once commences, 
when the lactic ferment begins to use up the oxygen, and ultimately carbon 
dioxide is the only gas which can be obtained. This evolution of carbon 
dioxide is slow but continuous. As an example of this fermentation, one 
of the experiments may be cited ;—100 c.c. of milk in which fermentation 
1185 begun, were suitably clamped to a Sprengel pump: on the first day. 
there was a small percentage of nitrogen and a little oxygen ; and on the 
second day a trace of oxygon; but on the succeeding days the gas consisted 
wholly of carbon dioxide, as follows:— 


1 st dsy, 
2 iid day, 
3rd day, 
4th day, 
6 th day, 
6 th day, 
v7th day, 
15th day, 
19th day. 


1'12S ac. of COj 
5'080 
19-540 
7-621 
7-870 
9-023 
1-780 
21-360 
4-370 


Giving a total of 77-263 c.c. of carbon dioxide in nineteen days, the 
temperature ranging betw-een 14’ and 19*-6. Milk previously deprived of 
dissolved air by the Sprengel pnmp, then confined over mercury and 
Bubmitte(^to an atmospliere of oxygen, rapidly absorbs tlio oxygen, the 
place of which is taken by carbon dioxide, provided the temperature is a 
fermentation one—that is, above 9° and below 60*. This continuous 
absorption of oxygen was well shown in an experiment, in whi^k a litre of 
milk was submittM to the action of a Sprengel pump, and in which it was 
found there was a continuous slow diffusion of air through the india-rubber 
connections. It has long been shown by Graham, that air thus finding its 
way through the minute pores of thick rubber is very highly oxygenisedi 
yet all oxygen rapidly disappeared from the gas, and after Ae second day 
pure nitrogen and carbon dioxide could alone be obtained:— 


1st day,. 6 732 C.C, of gas. 


Fei'osntage oonpoiitloTi. 

Carbon dioxide, 65*392 

Nitrogen, . . 88*780 

Oxygen, 10-828 

Bado of oxygen to nitrogen as -1 to 3 nsarly. 

2 nd day, total .... 

Carbon dioxide, , . , , 

Nitrogen, . . 

Oxygen. 

7-2 0 . 0 . 

. . . 49-78 

... 4978 

. >, . -64 

Sid day,. 

Oarbon dioxida, , . . 

Nitrogen, ...... 

. 4-863 0 . 0 . 

. . . 01-06 

. . . 88-94 

4th day— 

Carbon dioxide, .... 
Nitrogen, , . , , 

. . . 87-98 

12-02 

6 th day— 

Carbon dioxide, ' . - . 

Nitmonn. . .y„ , , 

.. 4 , . » 1’68 

a •# « 8 *48 


U 




















‘Fobe’ Muk. 


§ 123. If an animal is fractionally milked—that is, the whole of the 
milk received into three or four different vessels—it will be found tlmt, on 
analysis, the several portions exhibit some difference of composition, more 
olfflorvable in the last and the first, than in the intermediate portions. 
This difference mainly affects the fat, the first portions of the milk yielding, 
as a nile, but little fat, while the latter portions, called ‘strippings’ (in 
speaking of cows’ milk), contain an excess of milk-fat. Thus, in a Devon 
cow milked in this way for the purpose of analysis, the writers found the 
two extreme portions to have tho following composition:— 


S|>ecific gravity, . 




Fore Milk. 
^0288 

Strippings. 

1-0266 

Milk-fat, 




1-166 < 

5-810 

Casein, 




2-387 

4-304 

.Albumen, 




1-830 

•976 

Peptones, . . 

Miik-su^r, . 




•381 

•645 




3-120 

3-531 

^sb, • • • 




•797 

•896 

Water, . , 




90-319 

83-94% 

Common salt in aslt. 

. 4 


•340 

•207 

W' 

another experiment a Guernsey 

oow )rieldcd the following 

SiKwifio gravity, . 




Eoro Milk. 

i-n-io 

Strippings. 

1-Q28 

Milk-fat, 




-.367 

6*946 

Casoiu, 




4-708 

.8*436 

Albumon, 




•451 

•860 ‘ 

Peptones, 




•267 

•166 

Milk-sugar, . 




4-943 

6-280 

Ash, 




•874 

•929 

Water, . 




88-400 

83-894 

Gammon salt in ash, 



•100 

•098 



Dairymen are perfectly aware of the poorness of fore milk in fat, and 
more than once fraudulent milkmen have endeavoured to defend themselves 
by having recourse to the strange expedient of partially milking a cow 
before such fiinctionaries as aldermen or policemen, and delivering with all 
formalities the sample to be analysed. Tho analyst, not knowing its history 
(for in such cases it is transmitted as an ordinary commercial milk), and 
finding it on analysis deficient in fat, certifiM accordingly, and until the 
matter is explained suffers in reputation. Such tricks were once rather 
common, but have been so fully exposed that they are not likely to 
re-occur. 

This difference in the first and last milkings is not confined to cows’ 
milk, but has also been -observod in the milk of other animals. Peligot 
had an ass milked in three successive portions, and found as follows:— ’ 


Milk-fat, . 

1 

. . -96 

2 

1-02 

I-B2 

Milk sugar, 

6-60 

6-48 

6 -BO 

Oasein, 

. . 1-76 

1-96 

2-96 

Total solids, 

. 9-22 

9-46 

10-97 

Water, 

. . 90-78 

90-65 

■ 89-08 


Beisot ‘ has also found a considerable difference in the percentage of total 
> J. Reiseti Aknaia dt Chtmie dt Fh^niqw, S ser., xxv., 1849. 














eolidg in human milk in fractiona taken before the child was applied to the '• 
breast and after. 

Before Siicklliiff. After Siieklintr. 

Tote] iSollde per cent. Total Solfde per cent. 

1.' lO'.'iB 12-93 

2. . 1278 15-B2 

3. .]3'4G H'57 

Tt has been cunsidored that this difference is merely due to the effect of a ; 
physical cause; that, in short, as regards cows’ milk, the milk already - 
secreted is in the same state ns if it stood in a vessel, and the fat rising to. - 
the top is, of course, drawn last. This explanation cannot be altogether ; 
true, for the same phenomenon is observed in human milk, and here the 
breasts are horizontal, or nearly so. It is more probable that during the 
act of milking secretion goes on, and it would seem that the fatty contents 
of the milk-prodpeing cells are set free before the more watery and ' 
albuminous. Hence, the strippings are, as the most recent portions of the 
whole secretion, rich in fat. This view is supported by an experiment of 
Eeiset, in which it was proved that the longer the time elapsing between 
the partial milkings, the less the percentage of solids. 


Htoak Milk. 

§ 124. Woman’s milk (1) has been long an object of researob, and 
numerous analyses of it are scattered through scientific literature. These 
analyses, in their quantitative results, show considerable discrepancies, so 
tliat we must either adopt the supposition that human milk is very variable, 
or, what is more probable, that the samples taken did not represent the 
average secretion. From experiment, the authors have come to the con¬ 
clusion that it is impracticable with any mechanical appfiances to obtain 
a complete sample of human milk. In civilised life the nervous system 
assumes such a high and delicate state of organisation, that the secretion 
is far more dependent on the presence and contact of the offtpring than 
among animals. Hence, samples of human milk taken by breast pumps, 
or other exhaust apparatus, can only be considered partial samples; and a 
study of partial sampling in the case of cows’ milk (p. 206) has taught us 
how very widely the quantities of the fatty constituents in such samples 
differ from one taken from the whole bulk. Woman’s milk contains milk- 
fat which has not been obtained in quantities sufficient for accurate . 
investigation, and a knowledge of its exact eomposition is still a desideratum. 
It, however, certainly contains butyrin, for one of the authors has succeeded 
in isolating a sufficient quantity of butyric acid from saponified human milk- - 
fat to identify it satisfactorily. Milk-svtgar,^ casein, albumen, [leptonee, 
and a colouring-matter, with mineral sulratances, are also constituents of 
woman’s milk.^ The casein, like that of the ass, is peculiar in not 
separatii g in flocculent masses by the processa recommended in § 142, and 
the analyst is under the necessity of adopting a different process. This 

1 Carter and Bichmond state that the engar hoe s specific rotatory power of [ajss: 
487°. They ere of ojnnion that more than one engar is present. 

s Hnman milk on heingshaken up with ether p^ with its let, the giobnlee diesolving 
in the other, tie fiuid therefore clears np and eoparatea into two layers—an upper ether^ 
containing the fat in eolutioB, and a lower layer oonaieting of a solution of the casein, 
albamcn, and ealta This peculiarity is not ellarod by the milk of the herbivora. See- 
P. Badenhansen, f. payneifoytaAe OhtmU, S, 18-^ 


Sta'e. s’ '■' '•• - ' ■ . ' • ‘ 

^*^difference is all-important; for in artificial feeding with cows’ milk, as soon 
as the milk reaches the stomach, the milk, in popular language, ‘curdles,’ 
and is often rejected hy vomiting. 

One of tlie earliest exact lUialyHW of human milk was made by M<^culiofen' in 1826. 
His treatise scaively appears to lie known, yot it contains jjretty well wl that is kiiowm 
tile comiiositioti of human milk. The total solids of human milk Mej^enhofen determined 
from twelve samples, the highest of which is 13*38, and the lowest 9*25 per cent,, the 
mean being about 12 j)er cent. Pmlxvbly for the first time Meggonhofen detenniiied the 
albumen separately from tbe casein, and also weighed materUe imimalis linctura 
gMarum animalis yredpitatoi. His view of the comiHisition of human milk nmy be 
fairly stated thus— 

Per (jent. 

Milk-fat.290 

Casein,.2*40 

' Albumen, . . . . . . . • ’i>7 

Albuminoid precipitated by gallic acid, . . . ' '10 

Sugar,.6|87 

Water.88-00 

With regard to other constituents, urea is often present; there is also 
an odorous principle. Human milk decomposes similarly to cows’ milk, 
and yields similar gaseous and other products. 

§ 126. Milk of the Am (2).—One of the authors has investigated the milk 
of the ass. Milk was obtained imder his personal superintendence from 
asses kept and fed in Loudon dairies for tbe purpose of supplying tho 
demand that still exists for asses’ milk. The animals were fed on a uniform 
diet of bran, hay, and oats, Tho yield of each milking was oarefujly noted, 
and the ass in each case milked dry. It would apjiear that the milk of 
the ass under these circumstances has a very uniform composition, the 
differences observed being quite unimportant. The yield for commercial 
purposes appears not to exceed 3 pints, and to average about 2J pints 
daily. More than this is doubtless secreted, hut some of it is used by the 
foal. In no case did a single milking yield half a litre (three-fifths of a 
pint), but usually between 300 and 400 o.c. 

'The fat contains 6 per cent, of butyric acid, equal to 6-6 per cent, of 
butyrin; it is probably very similar to butter-fat. After the precipitation 
of casein, albumen, lactochrome, and peptones, there yet remain principles 
precipitable by tannin. As in human milk, the casein is not readily 
precipitated, but remains suspended in a state of fine division, however 
far lactic fermentation may have progressed. 

§ 126. Milk of the Gont (3).—The milk of the goat, M a rule, contains 
more-cream than that of the cow, and rather leas albuminous matter. 

§ 127. MUk of the Mare (4).—The milk of tho mare closely resembles in 
its constituents the milk of the cow: the casein, the sugar, and the fat being 
very similar, if not identical. M. J. Duval * asserts that he has discovered 

the milk of the mare a new aeid, to which he has given the name of 
^uinio, and which crystallises in groups of little needles; it is not volatile 
.wiHkout decomposition, in odour fragrant. It is ,combined with a base 
Vdatili^ by heat, whioh the author considers a base of the ammonia type. 
Its reactions with silver nitrate, ferric chloride and auric chloride distinguish 
it fium hippnrio acid. No analyses are, however, ^ven. 


• Dtiwrtatio Inaitaurali» Indagatumem Laeth MuHAirit Chmieam. C. Ang. 
3il.ggsnh«fei^ Fnakrert, 1^26. 

,■ “flmjito Setidfa, Ixixii, 4jB, 1876, 






Tho moan composition of asses’ milk and the milk of various 
animals is given in the table;— 



„ nioan compos. 

2. Ass. 

a. Goat, .... 
rich, . 

„ poor, . . •. 

colostrum,. 


6. Camel,. 

LIsnm, . . . 

7. Uiiipopotamus, . 

8. Sow, 

9 . Bitch, . . . 

10, Cst, . . . 

Mule. . . . 

lUhblt, . 
BiCplutot, . . 

I'ttrpttJse, . 

Wlittle, 

Ganiotise or water 
ImlfHlo, . 


l.S-267 

9*137 

4*131 

6-936 

l-OO.") 

•201 

10-60 

12-09 

6*89 

7*98 

4*86 

•87 

10*91 

6*67 

2*11 

6*40 

.'86 

•18 

11*8 


8-3 

0*8 

1*5 

*2 

8*83 

7*81 

1*02 

6*.^ 

1*09 7 

‘42 

12-46 

8*20 

4-2 

4-0 

8*0 *62 

*50 

17*98 

10-96 

7*02 

6 28 

4*67 .. 

1*01 

16*62 

9*41 

8*11 

4*68 

8*94 .. 

•79 

16-49 

9-16 

7*84 

5*19 

3*10 .. 

77 

9*94 

7*85 

1-09 

6*66 

1*80 

*31 

11-2 

87 

2*5 

5*60 

2*101 *42 

•6 

17*78 

12-43 

6*8 

4*2 

6*1 11*00 

1*00 

18*06 

10-10 

2*9 

5*60 

3*84 

*06 

10*46 

7-30 

8*16 

6*6 

‘90 

■8 

9*02 

4*61 

4*51 

4-40 

smal] 

11 

16*96 

11*41 

4*66 

3*13 

7*28 

1*06 

28*40 

13*83 

9*57 

3*19 

6'&3 i 4*38 

*78 

18*877 

16-044 

3*883 

4*911 

9*648 

‘688 

8-60 

6-91 

1*69 

4*80 

1*04 

*38 

80*60 

20*06 

10*46 

1*98 

16*64 

2*66 

38*16 

12*68 

19*67 

8*84 

3*09 

•66 

61*50 

13*09 

48*60 

1*83 

11*19 

*67 

61*83 

7*66 

43*67 


7*11 

*46 



6*66 

6*41 

3-20 1 -60 

1*08 

17*07 


7*46 

4*2t 

4*69 

-‘•81 

« 


.. Uiclitnuiid.* 
^ A.W.Blyth. 

.. Voelcker.* 


.. 'VIoth. 

■00 A. W. Blyth. 
•18 „ 

.. Drafcendorff. 
.. Doy&’e.* 

.. Cunnluic. 

.. K0»ig. 


.. Comoiaillo. 


Blohmond Md 
.. A. Pappel. 

.. Floisuhmann 


Pfeiffer’s, LufTs 


- lited. Centr. , 1881, p. 868. 

* Aun. detJmt. Agron., p. 261. 

» Ktchmuud, Jktiry Chtmitlrg, 1890, p. S28. 


§ 128. Mttk of the Sheep (5).—Sheep’s milk' is remarkable for its high 
specific gravity, and tho large amount of solid matter which it contains; 
tlio Binritic gravity ranges from 1-038 to 1-041, and the total solids may 
rise as high as 19 per cent. 

I’he cuMin behaves similarly to the casein of cows’ milk, and separates 
ewily by dilution, aoidulatiuu with acetic acid, etc. (see p. 227), The fat 
yields 5 per cent, of its weight of butyric acid, and is probably of similar 
composition to the milk-&t from cows’ milk. 

§ 129. The Milk of the Oamel (6).—Obatin has analysed the milk of the 
camel. Ho describes* it as perfectly white in colour, and possessing 
globules smaller but more numerous than those in cows’ milk, the diameter 
being on an average one-half. Sjieoific gravity, r042. It appears to be 
rather richer in milk-sugar and casein than cows’ milk. Dragendorif* haS 
also analysed camels’ milk, and gives the figures in the table. • 

* An analysis, by Toelcksr, of nob samples of ewes’ milk shows that the fat may 
attain 1278 lira cent Csntr., 1881, 8S8. ■] 

’ Sur le Lait de la ChameHo i dsui Bosses, par M. Ohatiu. Journal it Fharmaeit it 
Chimie, 11, 4 ser., p..264, ... 

' ZiiL f. Chmie. 18<S. a’78S. 






TOOM : ■tHBIR COMPOSrrjON AND ANALTSIS. Ljg lour-ioa... 


■' § 130. Milk of the Llama .—The figures given in the table are from 

, three analyses by DoyiSre. 

§ 131. MUle of the Hippopotamm (7).—There are few opportunities of 
analysing the milk of this enormous animal, as it is fierce when it suckles 
its offspring. A sample of the milk was, however, investigated by Gunnii^.i 
He describes it as of an acid reaction, and under the microscope showing 
larger globules than that of other animals. The yoimg hippopotamus 
sucks under water, and can remain there for a much longer time than the 
adult animal. The secretion of milk is excessive in quantity, and escapes 
from the distended teats in streams, which make the water around the 
animal quite opaque. 

§ 132. Milk of the Soto (8).—The mean of eight analyses colleotod by 
Kbnig® of sow’s milk, is given in the table. 

There are also two analyses of the milk of a sow inve^igatod by Filhol 
and Joly; the animal was fed on horse-flesh, a diet far from natural; 
under this diet was secreted a highly .albuminous fluid, containing but 
little sugar. Specific gravity 1'044. ^ ^ 


Albumen, 

Fat, . 

Sugar, . 

Extractivos and salts, 
Water, . 

Total solids, . 

Solids not fat, 


12-89 21-0 

. 6-6 5-4 

O-.’i 1-2 

3-01 4-8 

77-0 68*1 

23-0 31-9 

16-4 28-6 


§ 133. Milk of the liiteh (9).—The milk of the bitch is highly charged 
with albuminous solids, and is of n specific gravity ranging froml-OSf to 
1-036. It has been investigated by Simon, Dumas, Filhol and Joly, 
Talmatescheff, Bensoh, Seulwtin, and others. 

§ 134. Milk of the Gat (10). —The milk of the carnivora generally has the 
peculiarity of having the milk-sugar almost entirely replaced by lactic acid, 
and hence the milk invariably possesses an acid reaction. An analysis of 
the milk of a cat by Commaille is given. The milk was taken twenty-four 
hours after kittening j it was feebly acid. 

§ 135. MUk-like Secretions of Birds and Plants. —It is usually hold 
that mammals alone secrete milk, but this is by no means certain; for 
during the latter portion of the incubation-period, as well as more profusely 
for a little while after the young birds are hatched, the pigeon secretes a 
nutritious albuminous fluid in her crop, which is supposed to bo used for 
,;the purpose of feeding the yoimg birds. According to Leoomte’s analysis 
this secretion contains. 

Casein and salts.23-23 

Fat.■ . . . 10-47 

Water,.. 88-80 

Such milk-like secretions are by no Bqeans confined to . the internal 
l-mueous membranes of birds. Jonge • has made'a most valuable research 
fwi the secretion of the glands known to anatomists as OUmdulm uropygii, 
('Mtuated at the tail of the common goose. The secretion was obtfwied in 
’ iisnffioient quantity for a complete qu^itative and quantitative anm&, and 

' QaiMa Ghim. lUUima, 1871, p. 256. ’ Op. ^ '' 

■ * “ TJebor das Secret der Talgdrttaon der Vbgel mid sein Verhultniaa zulien fetthtitigea 

;' Bauteecieten der Saugtbiere, indMaondere der Mikb,” von D. de Jonge. Zeitschrifl ?ttr 
f’^hgatoi. Chemis, von F. Hoppe-fi%ler. Strasburg, 1879. 








MILK& 





although the analysis was not quite so complete as if a larger quantity had 
been obtainable, it fairly shows that there is a considerable analogy between' 
milk and this secretion, the most marked difference being that no trace of 
milk-sugar could be found. The analyses of two samples were as follows 


Total buIMs, . 
Water, 

Albuibon and nuclein, . 
Compounds insoluble in 
• absolute ether, , 

Alooholio extract, 

Water extract, 

Ash, . . . • 


1 . 

391-93 

2 . 

415-34 


608-07 


581-66 

179-66 


127-63 


186-77 


247-08 


10-90 


18-31 


7-53 


11-31 


7-07 j 

, Sol. 3-71 i 
Insol. 3-36 1 

j 11-07 

j Sol. 7-71 
j Insol. 3-86 


In dher etiforl, 1. 

Cetyl-alcohol, . . 74'23 

Oleic acid, . . . 8 MS 

Lower acids, . . 3'73 

Lecithin, . . . 2'3S 


2 . 

104-02 

14-84 


In the vegetable kingdom, numbers of trees or plants yield a white 
fatty secretion, popularly called milk, though, as a rule, such fluids have 
no right to this title, being totally different in composition and properties. 
A very remarkable exception to this assertion is, however, met with in the 
‘ milk tree ’ (Brosimum galactodendron), to be found in Central America. 

This tree, on incision, yields an abundance of a thickish feebly acid 
fluid, coagulating on exposure to the air. M. lioussingault has analys^ 
this juic^ and considers it perfectly analogous to ordinary milk, since it 
contains a fatty principle, an albuminous principle, a sugar, and phosphates. 
The exact composition of these different matters has, however, not been 
determined. Boussingault’s general analysis is as follows* 

Fatty sa|)onifiabIc matters. 

Sugar, and substances analogous, 

Casein, albumen, . 

&rths, alkalies, phosphates, . 

Sulistauocs not estimated. 

Water. 


35-2 

2-8 

1-7 

-6 

1-8 

58-0 


This milk is used largely as a food in the regions where the tree grows. 


Abnobmal Milks. 

§ 136. Milk which deviates from the natural secretion, the animal 
suffering from no disease, and milk scoioted under unimtural conditions, 
may be conveniently clas^ as ‘ abnormal.’ (Milk derived from the un¬ 
healthy will be considered in another section.) Instances of healthy cows 
giving milk differing essentially from ordinary milk are very few. One 
such, however, is recorded by Mr. Pattinson, who analysed the milk of a 
roan cow, which only gave 2 per cent, of albuminoids, and yielded no less 
than 4 grins, per litre of common salt. The animal is stated to have 
in good health. Instances of marked deviations from the ordinary standard 
are to be found in The Anadyst of Jan. 1, 1893. (See also page 231.) 

The newly-bom human in^nt ahnost oonstently secretes s fluid in the msmnue, a^ 
adult males have not only seoreted milk, but that in abundance enongh to auokla 
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Females also, liotli human and animal, occasionally secrete milk ■mOiout having hem 
previously pregnant. With regard to the milk secreted by infants, there is some oouot 
about its real nature. Kiilliker does not view it as a true milk, but oonsi^rs ite »PP«^' 
anoe connected with the formation of the mammaiy glands. Sinety, on the other hmiU, 
uiion anatomical grounds, considers it a true lacteal secretion. It is protably imMvfrot 
milk loaded witli leucocytes, and this is the more likely, as Billard_(l^afWdM 
dcs ISufants nouveau n^s, 3me edition, 1837, p. 717) notices that it frequently ends in 

*'*"^iiios8lK‘rger gives an imperfect quahtitative analysis of a sample of milk * obtained 
by sniieczing the breasts of a newly-norn infant—a male. In the course of a few days 
about a draclim was obtained. The following was the result of the analysis: ^ 

Percent 

. . . 96-75 

. . . -82 

•06 

. . . 2-83 


Water. 

Fat. 

Ash. 

Casein, sugar, and extractives, 


Sugar reaction strong. . . i. u ■ 

The most complete analysis we yet possess of such milk is one by V. Gesuor, winch i 
given in the following table with other less jierfect analyses 

Milk-fat, 

Casein, . 

Albumen, 

Milk-sugar, 

Ash, . 

Water, . 

Total solids, 

July and Filhol have recorded the case of an old lady, 75 years of ago, who sixckled 
Buccessfuny her grandchild." Similar instances have been rwonled in dtgs, and we 
fortunately possess one or two analyses which show tliat the fluid w oertainly milt 
Filliol and /oly give the following analysis of the milk derived from a bitch which had 
no oonneetion with a male:— 


1’ 

2’ 

S ' 

. . . . 1-466 

•82 

1-10 

. . . . -667 

...1 

280 

. . . • ’490 

... / 

. . . -966 

• 05 } 

6-40 

■826 

. 95-706 

96-30 

79-40 

4-295 

8-70 

10-60 


Specific gravity, 
Total solids,. 
Fat, 

Sump, . 
Albumen, . 


1 - 069 
29-00 

2 - 20 
•32 

28-20 


Tlie ash, on analysis, gave the following jieroentages in 100 .parts 


Chloride of sodium. 
Chloride of potassium, 
CbWo phosphate, . 
Sodio ^osj^te, . 
Sodlc carbonate, . 


■ 65-10 
8-88 
2776 
1-10 
1-87 


Traces of maguesio and other phosphates. 

Men iMfore now have suckled children. Humboldt* relalM the case of Iranmaoo 
Loiano, whom -he saw, and whose case he carefully investigated; and it ap^ts 
establiahod that this man did secrete from bis breasts s nutrient fluid on winch ius 
infant son Uvod for many months, it is said, Indeed, a whole year. The ou^s in such 
mature may consult the references given in the footnote for additional oases.’ 

' Hntorsucbnng dor sogenannte Hexenmilch, J. SeWossberger, Jnnakn dtr Ohsmit 

PAdmum'e, b. 87,1862. 

* JaM. f. Kinda^leranJchiUm, M. M, Bd. ii., S160. _ 

* Schlossberger u* Hauff, Awl OhetiL P/wd'wi., Bd. xcvj#, pi 6& 

* Gabler u. Quevenn^ oA 

» “Recheroheasarle LrUt,*’ill, Bruxelles, ISM. „ . 

•Humboldti ‘•Toyageswx R^ona Equmonalesdu NonveaaOottbaent 

’ EoberL Bishop rfOork \ Letter coacetming* Mw who gave Su^ to a Cauld, 

MU 1741 No* 461 t, idL u 618. Franklin: **Narrative or a Joara^ to the 
r Sh^*of *0 Sea," 18w3.^53r. <3obbold: Milk froto the Male M a mi na, 
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Instances have also been known of a like kind among animals. Soliloseliorger haa 
analysed the milk derived from a lie-goat {Amalen dtr Ghemie n. Plumume, 1844): 

MUk-fat,.26-50 

Casein, with salts soluble in alcohol, , . , 9*60 

Sugar, with salts soluble in alcohol, . , , 2-60 


Theaeh was -782 jier cent—viz., -325 soluble in water, -457 insoluble. Occasionally 
the female mammae after confinement have conl^ued to yield milk, although the infant 
has either been dead or nourished otherwise. In such cases the nulk deviates from its 
normal oompmtiou, and is, for the most part, highly albuminous. In a case of tliis kind 
rec^i-ded by Filhol and July,’ three analyses of the milk were made as follows, at tlilfercnt 
dates, about a week aiHtrt:— 


Sjiecitic ^vity, , , 

1. 

1-039 

2 . 

1-025 

3. 

1-023 

Total residue, . • 

21-00 

18-30 

18-63 

Milk-fat,.... 

6-00 

6-16 

7-80 

Sugar, •. . . . 

2-19 

1-27 

3-.50 

Albumen, . . 

12-96 

9-00 

5-66 

Extractives and salts, 

1-35 

1-88 

1-68 

Water, .... 

73-50 

8170 

81-37 

Casern was entirely absent 

The composition of the ash was as follows : — 

Chloride of sodium. 


Ter cent. 
73-10 

Gliloride of jiotassium, . 

• » s 


traoca. 

Calcic phcMphate,. 

• 


23-40 

Sodic phosphate, . 

. . . 


-80 

Sodic carbonate, . 

. . 


1-89 

Magnesia and ferric phosphate, . 


-81 


Tub Genbbal Examisation and Analysis op Milk. 

§ 137. Tlie general examination and analysis of milk may Be oouveuicully 
divided into three sections— 

A. The microscopical and biological examination. 

B. The analysis of the normal constituents of milk. 

0. The analysis of milk for the purpose of detecting adulteration. 

A. MipROSCOPIOAL AND BlOLOOICAL EXAMINATION OF MlLK. 

§ 138. A mere chemical analysis is incomplete and insufficient in itself, 
and should in all oases be preceded or supplemented by a careful and 
painstaking microsoopical examination. Nori^ milk, viewed under the 
microscope, presents for the most part a multitude of fat globules floating 
in a clear fluid. The globules of human milk measure in diameter from 
•002 to -005 mm.; those in the milk of the oow, from -00062 to -00039 
inch [‘0016 to ‘01 mmj. These fat globules are of two kinds. By far the 
most numerous are evidently drops of fluid -fat; but there are occasionally 
to be asba others which weuld appear to consist of solid fat, for they are' 
rougher on the surface, and leas soluble in ether, ohaRkcteristioB which they 
lose on warming, becoming like liquid-fat globules. In human milk, and, 
to a certain extent, in cows’ milk, there are also as normal constituents, 
but in sparse quantity— 

(1.) Fatty drops having a half moon-shaped, finely granular substance j. 

Jmumal^ Med. I8£4; tl‘ xviii,, p. 271. Umgagni: Adwrtarfa Anatomiea' 

Om»ia ( F. Animadvereio, L.-tt A). 

^ 1 CompUf Smdus, .t xxxvlu V- 671,1868. 
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(2.) Clear colls enclosing one or two fatty drops, and an eccentric 
nucleus; 

(:l.) liound clear bodies, easily coloured by cosin and picrocarminc. 
These last Ileidciiliaiu considers to be free nuclei.* 

In the colastruni, or milk drawn the first few days after parturition, 
there arc present otlior elements—viz., the so-called ‘colostrum cells.’ 
Someof those consist of a number oftfciall and largo fat globules, held together 
by a hyaline tissue or moml>rano, swelling on the addition of acetic acsid or 
alkalies, and only slowly coloured by aniline red. There are other granular 
cells coloured at once by the same reiigent. If the milk is taken fresh a'ud 
warm, and a minute drop examined on a Streckcr’s w.arm stago,^ and kept 
at a temperature of 38°, the eorjmscles will exhibit amoeboid movements, 
perfectly similar to those which have been noticed in the white corpuscles 
of the blood. Indeed, it is almost certain that the colpstrum cells arc no 
other than the white corpuscles of the blood, inliltrated with milk-fat, for 
Heidenhaiii, having injected into the dorsal lyiiiph vessel of the frog 1 c.c. 
of fresh milk, after 48 hours found the white corpuscles loaded with milk 
fat, and in no respect distinguishable from colostrum cells. In abuorm.al 
milk may bo doti'cted pus or blood, or sometimes both. If the pus is derived 
from inllammations within the mammie, and has been mixisl with the milk 
before milking, the pus cells become infiltrated with milk-fat, and are difficult 
to distinguish from colostrum granules; but if derived from idccrs on the 
teats, they have the usual appearance of pus cells. The pus cells, like the 
colostrum cells, and the mucus corpuscles, are all difforent forms of white 
blood-corpuscles [leucoeiytcs], and when placed on the warm stage exhibit 
anio'boid moveiucuts. Pus cells, as usually observed, arc spheroidal, 
gramihvr, and colourless, measuring from about 1-2500 to l-3000th of 
an inch in diameter. On treatment with dilute acetic acid, the cells clear 
up, and show two, three, or four nuclei. Blood, in small (juantity, gives a 
pinkish colour to milk; if a large amount be present, it sinks to the 
bottom in red fiocculent masses, which soon, from being deoxidised by the 
milk, ac(iuire a tint varying from a red more or less dark, to a shade 
almost black. In small quantities reliance must be placed on the 
microscopic appearance of the blood-discs, which are wholly unlike any 
cell found in normal milk. The red blood-discs of the cow arc like those 
of the human subject—little circular, biconcave, flattened discs, measuring 
on an average l-4000th part of an inch. Human blood-discs have an 
average diameter of l-.3500th inch. By the aid of the micro-8{)eotroscope, 
the absorption-bands may also bo seen. These are, in oxidised blood, two 
bands between D and K, the one close upon the red being narrower, 
darker, and better defined than the one nearer to the green; with 
deoxidised blood, only one baud is seen, between D and E. On treating 
the blood with oxygon, or shaking it up with air, the two bands re-apjmar. 

The biological examination of milk is treated of under thesectious dealing 
with milk secreted by the unhealthy and with the decomposition of milk. 

• E. Heidonhain: “HandbuchderPhyBiologio.” Horauageimbeii voii Dr. L. Ilermsnn. 
Leipzig, 1880. 

“ In default of Strecker’s stage, a plate of copper, having a oentral aperture and a 
thick straight wire, some inches in length, may be used. The plate is kept at tlie 
desired temperature through heating the wire by means of a spirit lamp. 
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B , The Analysis op the Normal Constituents op Milk, 


§ 139. in tlie analysis of the normal constituents of milk, the following 
detenuiuations shonld be made:— 


(U Sp. gravity at IS’S" 0, 
b. Total suliuR. 

<•. Fat. 

d. Lactose or milk-sugar. 


. r«.teids. 

/. Mineral mattei'S ur osli. 


In addition to the alwve, it may sometimes be desirable to fnrtbor 
examine the fat and iirotoids of tlie milk, and to make an examinatimi for 
substances sucii as citric acid, and for others wliiuh cannot be said to be 
normal coiistitueuts of milk, e.y., alcoiiol, urc.a, metals, and so furtli. 

< 5 140. One of tlfe first accurate ])roce.sses for the ('oiieral analysis of 
milk was publisliod in 1853, by MM, Vemois and A. Bc'«|ucrel.' 

A small (jnautity [30 gnns.] was taken, dried, exhausted with ether, 
burnt up to an ash; the sugar obtained n mrehanmhtre from tlie whey, 
the casein being first separated by coagulation by acetic acid, and then 
estimated by difl'crence. 

Mr. Wanklyu, by Ids work on milk analysis,® revived the more accurate 
method of using comparatively small quantities for analysis, thus avoiding 
very considerable error, from the risk of large quantities decomposing by 
prolonged heating. He advocated the use of platinum dishes, and sup¬ 
ported strongly the doctrine of tho fairly constant obaracter of tho non- 
fatty constiluouts of milk, dividing the total milk solids into two divisions: 
the one, mUlc-fat, the other, mliiU notfai. 

Whatever modifications have been since introduced in the methods for 
tho analysis of milk, tho general process is still on the 2 >rincii)Jes advocated 
by Mr. Waiiklyn. 

(a.) Specijic Gravily .—The sjiecific gravity is first taken. This may be 
done with fair accuracy by an hydrometer, and still more correctly by a 
Westphal’s balance or a Sin-engel tube. 

It is to be noted that milk when drawn from the udder contains many 
air hubbies, and the specific gravity is low, consequently the specific gravity 
should nut be taken until at least one hour has elapsed. This phenomenon 
was first observed by Reoknagel, and has been confirmed by Vieth, Bunreart, 
and Richmond. The specific gravity of milk must be corrected to 15'6° C. 

Vieth has constructed a useful table (see Table XVIIIa.) for this purpose. 

(6.) I'olal Solids .—The specific gravity having been obtained, exactly 
10 O.C., or betters c.c., are transferr^ by moans of a pipette to a platinum 
dish, and submitted to the heat of a water hath, until tho contents cease 
to lose more than 1 mgrm. in one hour; this usually takes from three to 
five hours. When the residue is perfectly dry, it is at once weighed, and 
the results expressed in percentage by weight. The weight of the 10 o.o. 
is known from the specilio gravity already taken. Thus, supposing a milk 
of 1-032 speoific gravity to give a total residue from 10 c.c. of 1-423 grm.: 
since the specific gravity haS shown that 100 c.c. of the milk weighed 103-2 
grms., it follows that 10 c.c. must weigh 10-32 grms. Honoe, 10-32 gnus, 
have yielded a residue of 1-423 gims., which is 13-78 i)Sr cent. 

Some analysts, e.g., Allen, prefer tho use of flat porcelain dishes, the 


® Oompta Ilatdm, xxxvi,, n. 187, 1858. . 

• “Milk-Aiialysii!,” By J. A. Wanklyn. Loud. 1874. 















































































advantages being that the heat is not »o intense when burning to an ash, 
and that they arc more constant in weight than jdatiimni. 

Uichmond points out tliat 1 grin, of milk spread over a largo surface 
dries rapidly and completely. 

The Association of Official Agricultural Analysts of America have 
adopted the following two methods;— 

(1.) Heat to a constant weight at 100° C. one to two grnis. of milk in 
a tared flat di.sh, not less than !> centimetres in diameter. If desired, from 
15 to 29 grins, of pure dry sand may be previously placed in tlie dish. ■ 

^2.) Baheock Atlmlon Mtitlmi —A hollow perforated metal cylinder, 60 
mm. long, 20 mm. in diameter, and closed .5 mm. from one end by a disc 
of the same material, is loosely filled with from 1 '6 to 2'!i gnus, of freshly- 
ignited woolly asbestos, free from fine or brittle matciial. The perforations 
are about 07 nun. in diameter, and the same distances apart. 

The weight is taken of the metal tube thus packed. A definite weight, 
say 4 gmis. of milk, is taken and introduced on to the asbestos. Tlic 
whole is dried to constant weight, and the residue may be conveniently 
used for the determination of fat by exliaustiou with volatile solvents. 

Vacuum Procmet .—The authors find that total solids may he esti¬ 
mated in the following way:—5 c.o. of milk are placed in a small flask; 
this flask is connected with a second, containing strong sulphuric acid. 
The flasks are made vacuous by moans of a good mercury pump; the milk, 
on gently heating, loses all water at as low a temjierature as 49”. The 
solids are dry under two hoiu-s, but the weight is generally 0’5 per cent, 
higher than by the ordinary processes. 

A modification of this process is the Direct Deferminalion of the Water. — 
In most analyses the water is inferred from the loss; it may, however, 
occasionally lie necessary to estimate it directly. This can he readily 
done as follows:—6 c.c. of milk are placed in a small flask; a piece of 
tubing is se.'iled at one end, and graduated into c.o.’s; it‘will only bo 
necessary to mark it at 4’6 and at 5’5, graduating it, between these numbers, 
into lOtlis. The tube is now bout twice at right angles, and connected by 
a caoutchouc cork to the flask ; another narrow tube goes to the mercury 
pump; the flask is now exhausted of air; and by applying a flame to the 
connecting tube, the tube is drawn out and sealed. By now plunging the 
limb of the graduated sealed tube into ice and salt, and gently warming 
the flask, the milk boils, the water is all condensed in the limb, and the 
amount can be seen by simple inspection. A somewhat similar method of 
analysing milk, by a special apparatus, has been patented in Germany by 
J. Petri and K. Muencte' - 

§ 140o. (c.) Fat~£ 

Solvente for Fat^The solvents for milk-fat are petroleum-ether, ether, 
bisulphide of oarboif etc. Bisulphide of carbon has some advantages when 
acid milks are .analysed, since it has no solvent action on the lactic acid. 
In quite freshjfnilks, however, the quantity of lactic acid is so small that 
ether may befused. 25 to 50 c.p. of milk are evaporated in a flat dish 
with constant itirring and breaking up of the caseous films by a glass rod, 
until the whcA is reduced to a rather coarse granular powder. This 
powder may bel^nsferred to any simple apparatus in use for the exhaustion 

* Chrman Pal^i No 7i71. A simpler method is to add to 10 c.c. of milk 50 c.o. of 
ordinary paraffin JU, and distil into a graduated tube. A little tannin and a few lamps of 
pumice stone prvent bumping. If the distillate is received into a graduated tube the 
resulta may be swply read offi 



2i 8 "w)oi>8 r theib composition and analysis. (5 140a. 

of substances by volatile solvents; as, for example, Soxhlet’s described at 
page 49,—the results are a little low. 

(o.) AMition of Hand, or Sulphate of Lime, (rr other Potoder. —Numerous 
experiments by English analysis on the extraction of milk-fat by solvents 
acting on dried milk have fully proved that the greatest accuracy is only 
obtained by subdividing minutely the dry milk solids; this maybe done 
either Ity mixing gyjtsum, sand or powdered pumice stone; the amount of 
indifferent material used must be at least equal in weight to tlie milk 
taken, and it is arlvantageous to double the quantity; for instance, 20 gnus, 
of gypsum to 10 gnus, of milk. The material is stirred into the piilk, 
dried, and thoroughly well pulverised, the powder being then transferred 
to a Soxhlet’s apparatus, and exhausted by solvents in the usual way. 

(/5!) Adams’ Method of JCxtraeling MUk-Fid. —The Society of Public 
Analysts appointed in 1884 a committee to investigate tlio best methods of 
milk analysis. Tlie members of the committee analysed by di fferent methods 
a large number of samples. 'I'he results were of considerable interest, 
especially with regard to extraction of the milk-fat.* ^Thc committee 
clearly established that milk evaporated to dryness in the ordinary way 
retains with tenacity a small quantity of fat, imd therefore the Wanklyn 
method is always a little low. The results of the AVanklyn nnithod are 
better with milks rich in fat than with poor or skimmed milk; in tlie latter, 
the longer tlic total solids are dried, the loss are they amenable to the 
influence of ether. By finely dividing the milk, as for example by mixing 
it into a paste with plaster of Paris, drying, and then exhausting in a 
Soxhlet, much higher results were obtained. “ Milks so highly skimmed 
that they yielded nothing practically by Wauklyn’s method, give upwiirds 
of '6 per cent, by the plaster of Paris method ”; but the host results of all 
were obtained by an ingenious process invented by Dr. Adams—this consists 
in spreading a measured or weighed quantity of the milk over a small 
(Soil of specially prepared blotting- or filter-paper. Special paper cut into 
strips can now be bought. 6 c.c. of the milk are very gradually dropped on to 
the coil, distributing it as oveniy as possible; it is then dried at 100" C. and 
exhausted by ether in a Soxhlet. Sour milks, which l)r. Adams has proposed 
to treat with ammouia so as to liquefy them, admit of analysis by means of this 
coil without such addition. In the latter case a quantity can be weighed 
out in a tared dish, and poured on to the coil, the dish being rinsed out by 
the least quantity of water possible; the washing being added to the coil. 

The general result of the coil process is that it gives results about '6 
l>er cent, higher than the M^auklyn method, and ‘2 per cent, higher than 
the plaster of Paris method. To meet the obviotra objection that the coil 
method might perchance yield something to ether dther than fat, careful 
analyses were made by the committee of the other-extWts, both from the 
plaster of Paris method and from the coil method; biit in both, fat, and 
fat only, was found to be extracted. 

{y) Estimation of Milk-Fat hj Centrifuged Machines. — Ono of the 
earliest, ‘the lactocrite,’ was patented by Carl G. P. de Laval (1885, 
No. 8610). The milk-fat is separated from the milk by strongly acidifying 
and rotating the milk in a special tube in a centrifugal jfsachine. 

The tulje is thus described in the specification:—Th^est vessel consists 
of a cylindrical silvered metallic box (a), into which a plug, likewise silvered 
(J), fits accurately. This plug is turned and bored hollow from the bottom, 
tapering towards tho top into a fine hole communicating with a narrow 
- ' Anaiyat, Jsn, 1886. I 
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tube (c) fixed to the plug, and either graduated or not graduated, ^hi8 
glass tube ie fixed upon the plug by the nut {d) received into the socket or 
holder (e) secured to the plug and surrounding the tube, and provided 
with opposite opeuiugs so that the degrees on the tube may bo reiid. The 
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nut i.s provided with n hole (o), so that the plug and the tulie constitute 
conjointly a vessel or channel open at both ends (fig. 33). 


TAliLE XVIIIfc— (luMl'AlliaoN OF CRNTnirUOAt DuTBRUlHA'ftONS OF 
Milk-Fat wira Adams’ Pkocksses.' 


No. of 

SnmpJes. 

Siteciflo 

Gravity. 

Total 

Hulidfl. 

Fat. 

SolidH nift Fat. 

Ash. 

T.ac- 

tucrite. 

Adams’ 

Cak'iilated )>y 
Olaiisnizei-'s 
Formula. 

Lac- 

tocritc. 

Adams’. 

('a)cnlatedby 

ClaiHiiir«>r's 

Ft'iiimla. 

1. 

i 0.33-0 


3*40 

3-44 

8*42 

9-60 

9-46 

9-48 

-80 




E&El 



9’40 





io:n-o 

14*12 

4-55 

4-69 

4-62 

HI 

9-43 

9-50 

-80 

■■ 



4-03 



13 J 





■ fK IVIl 

13-12 

iff! 

8-67 

3*62 

9*52 

9-56 

9-60 

-77 

WM 


13-07 


3 99 

8’S'.} 

9-17 

9-08 

9-18 

■ 1 

6. 

liSlI 

12-08 

8*80 

3-76 

O*.’ 1 

9‘]8 

9-22 

9-47 

Kil 

6. 

1031-6 

14*27 

mmm 

4-84 

4‘«u 

9-37 

9-43 

9*64 

R3 

7. 


13-84 

4-20 

4-28 

4-08 

0-04 

9-68 


-78 

8. 

■ 

IkDIil 

3-70 

3-69 

3-84 

9-30 

9-81 

9-16 

-76 


B 

13-51 



4-14 

9 46 

9-42 

9-37 

-80 

10. 


11-70 

2-10 

2-07 

2*12 

9-66 

9-09 

9*64 

-76 

11. 

1036-0 

9-99 

-45 

-502 

-618 

9*54 

9*488 

9-472 

-86 


The milk is prefiared as follows:—An equal volume of milk and a 
mixture of acetic and suipburic acids (20 vol. of glacial acetic and 1 vol. 
> See also Table XVIIU 
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oono. sulphuric acid) are placed in a test tube provided with a cork, through 
wliich a fine glass tulie (to allow for expiinsioii) is carried, and the tube 
with its contents is then heated in a water-bath for five or six minutes; the 
special tube is then charged and traiisfeired to a recess on a metallic disc 
{x), previously brouglit by hot water to the temperature of 50° 0. The disc 
is usually fitted witli twelve such recesses, so that twelve samples of milk 
may be operated ujiou at one and the same time. The ilisc is rotated at a 
speed of 6000 revolutions per minute; after from three to "five minutes the 
milk-fat will have risen in a well-dellned layer; the reading is done at once 
while the tubes are warm. The divisions arc in tenths, thus 33'6 is equal 
to 3-35 per cent, of fat in the milk. 

The lactoorite is not much used now, its place being taken by various 
centrifugal machines, the most favoured being the Lefl'man and &am and 
the Listor-llalxjock. The disc in these does not rocpiire to bo kept 
specially warm, the casein is brought into solution by. strong liydrocldoric 
and sulphuric acids, and the sepanition of the fat aided by a certain pro¬ 
portion of amyl alcohol. There ime printed directions supplied by the 
makers of each instrument. 

(S) SoxMefs Proem, —F. Soxhlet' is the author of a very ingenious 
process of milk analysis. This process is based on the fact, that if a 

measured <piantity of milk, alkalised 
by rustic potash, be shaken up 
with"^ether, the ether fully extracts 
the milk-fat, and, on standing, 
collects in a clear layer. A small, 
quite constant, proportion of ether 
remains in solution in* the milk, 
without retaining any of the fat, 
and without affecting tlie rcsidt. 
The amount of the fat dissolved in 
the ether may bo determined by 
the specific gravity of the other; 
the higher the specific gravity the 
greater the proportion of milk-fat. 
The details of Soxhlet’s method are 
as follows: 

The apparatus figured (see fig. 
34) is us^. 0 is a measuring 
flask of 300 o.b. capacity, provided 
with a doubly -perforated cork, 
and connected, on the one hand, 
with the caoutchouc elastic bulbs 
figured, which are furnished with 
suitable valves, and, on the other, 
with the tube I), which is provided 
with a water-jacket. This tube 
carries an areometer,. E, which 
bears a delicate scale of from 
•766 to ‘74.3, and it Ijm also a thermometer, divided into thirds of a 
degree. 200 o.o. of milk are measured by means of a pipett^ and run 
into the flask; 10 o.c. of potash and 60 c.o. of ether, which has been 
saturated with water at from 16°-6 to 18°-5 C., are then added, and the 
1 S^eitsehri/lder Landwirthsch. Ver* Bayem, 3880 . 
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whole shaken up in the properly olof-ecl flask for a quarter of an hour. 
The fluid is then allowed to repose until the ether rises in a clear layer 
to the surface, liy jteutly workiui:' the caoutchouc hulhs, a suiBoiont 
quantity of the fat-laden ether may now bo blown up into the tube D, to 
float the eroometer. (It should be mentioned that the tube goinj{ through 
the perforated cork of 0, is so arranged as to dip well into the ether, but 
does not toucli the surface of tlus milk.) 'I'he areometer must float freely, 
and for this pur|ioBe tlierc are little prominences on the inside of D, about 
the middle, for the purjioso of keci)iug the instrument from adhering to 
the side. When suftieieut ether has thus been blown up, it is retained by 
a pinch cock, and a cork is tittod into the tube 1), to prevent loss by 
evaiMiration. The water in the jacket must be of any temperature between 
16“'.') and 18°'0 C. The specific gravity once obtained in this way, and the 
temiKjrature of the areometer noted, the content in fat of the milk is 
deiennined by the annexed table (p. 222). 

if the leiiqicratiirc is exactly 17 -.b C., then no correction is required ; but 
if it is above that temperature, for every degree, a degree must be added 
to the gravity ; if below, for every degree, a degree must be subtracted. 
Thus, supposing the areometer marks 58'9 at 10°’S ()., then, as the difl'ereiice 
between 16°'8 and 17”'D is -7, subtract ’7 from 58-9, equalling .58'2; or if 
the observation be 47'C at 18“'4 (1., then the (sorrected value is 48'0 (t.e., 
specific gravity -74800). 

Afterwards the ether is allowed to run back into the flask, and D is 
washed out with a little ether. The authors think that the apparatus 
might be improved by ado])ting the iirincijflca used in the tube figured at 
p. 2--'d, ai¥l floating the ether layer by means of mercury. 

(c) yAfi We.rmr-Schmidt nu-thot! of fat nsiimalion gives accurate results. 
A test tube of 60 c.c. capacity is calibrated in cubic centimetres and 
tenths; into it are jilaced 10 c.c. of milk, or a weighed quantity (say 5 
gnus.) of cream, 10 c.c. of strong hydrochloric acid added, and the whole 
boiled, with shaking until the liquid forms a dark brown .Solution. The 
tube, with its contents, is rapidly o<K)led by placing it in cold water; a 
known volume of ether is added by filling it up to one of the divisions, 
some 25 to .lO c.c. of ether being necessary. The contents are now 
vigorously shaken for half a minute, and the tube is allowed to stand for 
five minutes. At the end of that time the layer of ether is carefully 
read, and an aliquot part pipetted off, evaporated to dryness, and 
weighed, 

The mitjority of analysts now prefer to exhaust the contents of the tube 
with several quantities of ether and so remove the whole of the fat. 

If a imasured quantity of ether is to be used, then Stokes’ tube (see fig. 
34a) is the most convenient. 

If the whole of the ether with its contained fat is to be removed, one of 
us has invented the following apparatus, which will be found convenient. 
The apparatus consists of a small mercury reservoir attached by moans of 
a caoutclmuc tube to a glass bulb of convenient capacity, which terminates 
in a two-..-ay stopcock connected with two very narrow right-angled tubes 
(see fig. 34a). 'i’he prepared milk is sucked in through one right-angled 
tube by lowering the reservoir; the vessel in which the milk was heated 
is washed with ether which is sucked into the bulb, the mercury is pearly 
all run out, the taps turned off and the vessel shaken, then allowed to stand; 
the ether is then expelled from the other tube by raising the reservoir 
carefully; in this way the whple of the ether nfeich has risen to the top 
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may be removed. The last drops of other romtiiuing in the side tube may 
be removed by admitting air through one tube and expejliug it through 
the other. Throe or four extractions will suffice to deprive the sample of 
all milk fat. 

TAULK XVIllc,—CoiuiKcrnoN ov Si'Eoifio Cuavity of the Etiikri’Al 
SoLtrriov of Kat (p 221). 


Sppfinc 

Fat 

3'er 

euiit 

Spec-lfic 

Fat. 

Fer 

ctnit. 

KpcclHc 

Fat. 

Speclftu 

Fat. 


Fat. 

Per 

fi'iit. 

gravity. 

gravity. 

gravity. 

cent. 

gravity. 

cent. 

gravity. 

4.1 

2-07 

47-7 

2*fil 

f>2-3 

3-16 

50*9 

3-74 

61-6 

4-3!) 

43-1 

2-0,3 

47-8 

2(52 

5*2*4 

3 17 

67 

3-76 

61-6 

4*40 

43*2 

2 00 

47-9 

2 03 

r.2*6 

3*18 

57-1 

3-70 

3-78 

61*7 

4*4*2 

43-3 

2-10 

48 

2*04 

52*6 

3*20 

67-2 

01 -8 

4*44 

43'4 

2-n 

48-1 

2*«6 

62-7 

3-21 

57*3 

3*80 

(51 *9 

4*46 

43-5 

2*12 

4S-2 

2*07 

5*2*8 

3-22 

67-1 

3-81 

02 

4*47 

43-(J 

2-13 

4«'3 

2*08 

5*2*9 

3*23 

67 r, 

3*82 

02*1 

4*48 

43-7 

214 

48-4 

2-70 

63 

3*25 

67-0 

3*84 

62*2 

4*50 

43-8 

2-16 

48*5 

2-71 

53-1 

3-26 

67-7 

3*85 

02*3 

4-52 

43!) 

2-17 

48-6 

2*72 

63-2 

3-27 

67-8 

3-87 

62*4 

4-63 

44 

2-18 

48*7 

2-73 

53*3 

3-28 

57-9 

3-88 

62-5 

4-56 

44-1 

2*19 

48-8 

2-74 

53*4 

8-29 

68 

8-00 

62*0 

4-.66 

44-2 

2-20 

48-9 

2-76 

53-6 

3-30 

.■)8-l 

8-91 

62-7 

4-68 

44‘3 

2'22 

49 

2*76 

53 0 

3-31 

58*2 

8*92 

62-8 

4-69 

44'4 

2-23 

49-1 

2-77 

53*7 

3-33 

58'8 

3-93 

62-9 

4*61 

44*5 

2*24 

49-2 

2-78 

63-8 

8*34 

58*4 

3-9.6 

03 

4*03 

44-6 

2-25 

49-3 

2-79 

.53*9 

3*36 

68-5 

3-96 

63*1 

4-64 

44-7 

2'215 

49*4 

2-80 

54 

8-37 

58-6 

3*98 

03.2 

4 06 

44-8 

2-27 

49 *5 

2-81 

541 

3*38 

.58-7 

3*99 

63*3 

4*07 

44-9 

2-28 

49-6 

2-83 

.64-2 

3-39 

58-8 

4*01 

63-4 

4*69 

43 

2-30 

49-7 

■2-84 

64*3 

3-40 

58-9 

4-02 

63*5 

4-70 

4.V1 

2-31 

49-8 

2-86 

64-4 

3-41 

69 

4-03 

63‘6 

4-71 

4.’>-2 

2-32 

49-9 

2-87 

64-5 

3*43 

59*1 

4*04 

03 7 

4-73 

4.4-3 

2*33 

50 

2-88 

54*0 

3-46 

69-2 

4*0(5 

03-8 

4-75 

46-4 

2-34 

60-1 

2-90 

64-7 

8*46 

59*3 

4-07 

63*9 

4-77 

45-6 

2-3.4 

60-2 

2-91 

64-8 

8-47 

59-4 

4-09 

64 

4-79 

45-6 

2-38 

60-3 

2*92 

64-9 

3-48 

59-6 

4-11 

64-1 

4-80 

4.4-7 

2-37 

60-4 

2-93 

66 

3-49 

69-6 

4*12 

64-2 

4-82 

45-8 

2-38 

60-5 

2*94 

65*1 

3-61 

69-7 

4*14 

64*8 

4-84 

45-9 

2-39 

60-6 

2*96 

66-2 

3-62 

69-8 

4-16 

64-4 

4-86 

46 

2*40 

! 60-7 

2-97 

56-3 

8-68 

69-9 

4-16 

64-5 

4-87 

46-1 

2-42 

60-8 

2*98 

65-4 

3-56 

60 

4-18 

64*6 

4-88 

46-2 

2-43 

60-9 

2-99 

66-6 

3-66 

60-1 

4-19 

04 7 

4-90 

46‘3 

2-44 

61 

3-00 

55*6 

3-57 

60*2 

4-20 

64-8 

4-9-2 

46-4 

2-40 

; 61-1 

3*01 

66-7 

8*69 

60-3 

4-21 

64-9 

4-93 

46-6 

2-46 

! 51-2 

3 03 

55-8 

8*60 

60-4 

4-23 

65 

4-95 

46-6 

2-47 

61-8 

3-04 

65-9 

3-61 

60-5 

4*24 

65-1 

4-97 

46-7 

2*49 

61-4 

3-05 

56 

8-63 

60-6 

4-26 

65-2 

4-98 

46-8 

2-60 

, 61-6 

3 *00 

66-1 

8-64 

60-7 

4-27 

66-3 

6-00 

46-9 

2*51 

i 61-6 

3-08 

66-2 

3*65 

60-8 

4-29 

66-4 

6-02 

47 

2-62 

i 61-7 

3*09 

66-3 

3-67 

60-9 

4*30 

05*5 

6-04 

47-1 

2-54 

> 61-8 

3-10 

66-4 

3-68 

61 

4-32 

65-6 

6-06 

47-2 

2-65 

61 9 

3-11 

66-5 

8-69 ■ 

61-1 

4-38 

66-7 

6-07 

47-3 

2*56 

62 

3-12 

66-6 

8-71 

01-2 

4-36 

65*8 

6-09 

47-4 

2-57 

62-1 

3-14 

56-7 

3-72 

61-3 

4-36 

66-9 

6-11 

47-6 

47-6 

2-58 

2-60 

62-2 

3-16 

56*8 

! 

3-73 

61-4 

4-37 

. 

66 

6-12 


N.B, — The uumlMiti iu tlio epecilic gravity column correspond to thoM on the 
areometer scale, the number 7 J^iug omittra on account of the narrowness ot‘ the Htoin 
of the instrument; time 46 roauy means 7-160, and ii on with the rest 
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(i) Baberich Attbes/m Method .—This has been already mentioned. The 
cylinder containing the dry solids is extiiicted by anhydrous ether and the 
fat weighed after distilling off the ether. 

(ij) Bitthaimn’e Method .—10 c.c. of milk are diluted to 100 c.c. with 
distilled water, 0 c.c. of a 0 i)er cent, solution of copper sulphate are added 
and nearly neutralised by sodium hydrate. The precipitiite is washed, 
dried, and extracted with other. 

{6) Oaleulaiion Metlinde .—An indirect method of estimating milk-fat 
has been proposed l)y F. Clausniser and A. Mayer. They assume that 
creiy' pereontago of “milk solids not fat” raises the spoeifio gmvity '00376, 



1 2 
Fid. S-lo. 

1, Stokes’ tiiboj 2, M. W. BlytU’s extraction Imib. 


whilst every 1 per cent, of fat lowc i-s the specific gravity '0010; by there¬ 
fore firrt making an acciirote determination of the specific gravity, and 
then determining either fat or total solids, the equation can be easily 
solved. 


a: = fat. 

«=specific gravity. 
<=total solids. 


_ <-0037.5-I-1-1. 
•0047.’> 


Richmond suggests the following formula;— 

T = total solids; Q = last two figures of sp. gr. (water => 1000); F = fat; 
then, 

. T = .i.HvF + -14. 

4 0 

Richmond has calculated out a table (see Appendix) giving peroenf^e 
of fat if total solids and sp. gr. are known. A milk scale, known as Rich¬ 
mond’s milk scale, is a useful instrument and nfucb used. 
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(i) Somerset Home Method .—See Aitatysis of Sour Milk. 

Tlic variouR raatliods described have boon critically exmuined by 
Ricbmoiid.' His results are contained in the following Table XVIIM :— 


TARLE XVIIb;.-A raovsis of Nisi! .Sami’I.ks of Mii.k dy Timikic DirFF-iiKST 
Asalystr, kaoh nsiMi Vaiuous Muthoub. 

Moftu RcsuIIa (to indicitlo variation between methods). 


Mftliixl. 

A. 

V >. 


1>. 

15. 

K. 

0. 

11. 

1. 

Menu. 

Total SoUdE : 


_ 









Society of iridic Aimlyatfi, . 

1«-1C 

KVOO 

9-08 

lo-oi 


12*30 


10-28 

i:{-3r) 

12-68 

AaliiiHtoH, .... 


U-W5 

9-7a 

10-92 

12**27 

1*2*37 

ii-:<r. 

10-11 

1:J-37 

1:'-01 

SuiiivrHi't House, .... 

1 .-i'. 

14-02 

9-02 


12-40 

12*61 

ii-f.:. 

10-13 

13 48 

12-72 

Fat: 











Adams (dry ctlier), 


4 00 

•38 

2*6r) 

.H*l-> 

3-47 

#((K) 

8-21 

4-2C 

3-70 

Adams (('diuntiiwcml (’thcr),. 


4'iiO 

■38 

2-08 


3 46 

:{-or> 

8-21 

4*33 

3-78 

Wumer.Schmidt, .... 

4-^u 

4*78 

■.‘{2 

2*7*2 

3-IK 

3-r.2 

3-(n> 

8-72 

4-33 

3-^S 

Hmiiersui Iluuge, .... 

4*24 

4-or. 

■•AS 

2 71 

810 

3-40 

2 m 

8-30 

4-21 

3-77 

Cotitrifuga),. 

4-2' 

4-M 

•18 

2-«'.r) 

:i-2«i 

3-52 

8-of* 

7-W 

4*24 

3-72 

Centrifugal (K.). .... 

4 25 

4-Wl 

•20 

•2-70 

S-lfi 

3-W) 

8-0f> 

7 90 

4-U' 

3 72 

BoUds not l>’at: 











Somerset fioiisc. 

902 

9*40 

9-C3 

8-41 

0-83 

9U6 

8-r>3 

7-Ml 

SV27 

8-9r> 

Society Public AiialystB—Adams 











Commercial. 

8-01 

0*80 

9*40 

8-48 

9-00 

8*01 

82!> 

8-07 

9*02 

8-80 

Sotdety Puldlc Aualysta—^Vel‘TH‘r 











Kclimklt, ..... 

81W 

0-12 

9-30 

8*lf) 

9*01 

8-W 

8-45 

7-60 

9*01 

8-70 

AiibeatoB—Adams (dry), 

0-04 

9-47 

Of.l 

8-20 

9*18 

8-9.') 

8-811 

7-!H» 

9 10 

8 87 

CaiR (11. & E.). 

8-70 

9*10 

9-3ii 

8-10 

9-00 

8-80 

8-or. 

7-.50 

8*90 

8-01 


§ 141. (d.) Laetose or Milk Sugar — 

(a) Extraciion of the Milk-Sugar .—On now exhausting a faWree milk 
residue by weak boiling alcoliol, filtering the alcobolic fluid, and evaporat¬ 
ing to dryness, the milk-sugar, with niiiieral matters dissolved out by the 
alcohol, is obtained. This evaporation is best effected in a platinum dish. 
On drying very carefully, weighing, and then burning the sugar away, the 
asli is left, and must be weigheil and subtracted from the original residue 
of milk-sugar and ash. The amount of sugar is thus obtained with fair 
accuracy, always being a little too high. 

(/3) Polarimetrir Methods .—The first step is to prepare a clear whey. 
An excellent paper on this subject was published in 1887 by Dr. W. 
Wiley, the chief chemist for the U.S. Department of Agriculture. He 
used the following reagents for the precipitation of the albuminoids;— 

(1.) ffatiimtod Boluliuu of lumic load acotato. 

(2.) Nitric acid soiutioi) of mercuric nitrate diluted with an equal volume of water. 

(3.) Acetic acid, specific gravity 1 '040. 

(4.) Nitric acid, specific gravity 1197. 

(fi.) Sulphuric acid, siiecific gravity 

(6.) Saturated solution of sodium chloride. 

(7.) Saturated solution of magnesium snlpbute. * 

(8.) Solution of mercuric iodide iu acetic acid, a litre of the solution being made with 
161 grma HgClj, 396 grms. KI, and 228 c.c. of acetic acid. ^ 

Wiley ultimately gives the preference to the foRowing process:—A 
solution of mercuric nitrate is prepared by dissolving AierbuTy in twice its 
weight of nitric acid (sp. gr. 1‘42) and diluting with foui volumes of water. 
To 60 c.c. of the milk are added 10 c.c. of the nitrate solution; the mixture 
is diluted to 100 c.c., well shaken, then filtered through a dry filter and 
its rotation at once observed. The volume of the sugar solution must be 
* Vepwrtmmtal Committee on Milic Regulatiim, 1901, Apiamdix xxiv. 
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corrected by deducting the weiglit of fat in gi'iunmes multiiilied by 1‘075 
and the weiglit in gruis. of the proteids inultiplicd by O iJ. 

For e-xamplo, a sugar-containing liipiid from 60 c.c. of a milk coutoining, 
say, 3 per cent, of fat and 3-5 per cent, of proteids, would bo, after dilution, 

100-(l-8xl-07r)-t-2-lx0-8) 

= 100-(l'935-Pl-68) 

= 96-38 o.c. 


Wiley takes the spixjific rotation of milk-sugar as («)fl = 52-5“; the 
percentage of sugar is then calculated in the ordinary way. 


Milk-sugar 


100 xd 
52-5 X e 


(< = angular rotivticm found, and c = length of tube. 

The result must then bo multiplied in the case given by 


96-38 

100 


to correct 


for volume. 

This will give the hydrated sugar in 60 c.c. of milk, or if anhydrous 
sugar is recinired x by 0-9r>, which will give weight of anhydrous sugar in 
60 c.c. of milk or in 60 grins., if the volume is multiplied by the specific 
gravity. 

The whole calculation may bo o.vpressod thus:— 


Anhydrous milk-sugar by weight = 


100 xd 
r)2-5 X I 


100-(1-075 F X -8 F) ^ 

a 


■95 « 

Up. (Jr. 

Where Q = quantity of milk taken, 

//’= Weight of fat in ipiantity, Q, of milk. 

= Weight of proteids in quantity, Q, of milk. 
t — Length of tube. 

Vielh’s Alelhod.—Thm is nearly the same as Wiley’s. Vioth, however, 
uses mercuric nitrate; proi>arod by dissolving mercury in twice its weight 
of nitric acid (sp. gr. 1 -42) and adding on equal bulk of water. 

There is some difficulty in obtahiing accurate estimates of the milk- 
sugar in human milk, the filtrate with ordinary precipitates being still 
turbid. 1’. Tliebault* recommends a preliminary precipitation with picric 
acid and glacial acetic aiiid (picric acid 10 grms. per litre, acetic acid 26 
0 . 0 . per litre). 

Richmond and Carter foimd the results of estimation by Febling and 
polarisation unsatisfactory, and estimate the sugar by diflerence. 

(y) Graniinetric Mdhodn. —The proteids and fat must be removed; this 
may be effected by copper sulphate. 25 c.c. of the sample are diluted 
with 400 C.O. of water and 10 c.c. of a solution of copper sulphate (34-64 
to 500 c.c. of water) are added to the milk made almost neutral with 
sodium hydrate. If O’Sullivan’s or Wein’s method is to be used, the 
origimal 25 c.c. of milk must bo diluted to 250 o.c. The precipitate is 
filtered oft’ through a dry filter. 

Wein’g Metho/l.—60 c.c. of Feliling are mixed with twice their volume 
of the filtrate obtained as above; before mixing, both solutions should bo 
heated in the water bath. The mixture is boiled for exactly four minutes 
• Joum. Pharm. (6), iv.«6. 
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and (iltorod through a Suxhlot tuhu, previously plugged with asbestos and 
weighed. The filtered oxide is well washed with water and reduced to 
metallic copper in a current of hydrogen gas at a gentle rod heat; or the 
popper may bo dissolved in nitric acid and deposited clectrolytically on a 
platiuuiu dish. The milk-sugar may thou be calculated from Woiu’s table. 

TAllLE XVIIIc. -Wkix’s Tabi.k fob Oalcuiatinb tee Weioet of Milk-sdoau 

PllOM THIS WeIOIIT OF Ooi’PER KF.I)OOF,D, 


(!!opp«r. 

MUk- 

&u(tar. 

Copper. 

ililk- 

etigiir. 

Copper. 

MUk- 

ung&r. 


86-4 

215 

158-2 

310 

232-2 

125 

00*1 


161-9 

316 

-236-1 

130 

03*8 

225 

165*7 

320 


135 

97'6 

230 

169*4 

325 

243*9 

140 

101-3 

235 

173-1 

330 

247-7 

145 


240 

176-9 

335 


150 

108-8 

245 

180-8 

340 

265-7 


112*6 

250 

184-8 

345 

259*8 


116-4 

255 

188-7 

350 

263-9 


120-2 


192-5 

355 

268*0 

170 

123-9 

265 

196-1 


272-1 

175 

127-8 

270 

20()*3 

365 

270-2 

180 

131*6 

275 


370 

280*5 

185 

135 *4 

280 


375 

281-8 

190 

139*3 

285 

212-3 


289-1 


14J‘l 

200 

215*3 

385 

293*4 

200 

146*9 

296 

2-20-1 


-297-7 

205 

150-7 

300 

224-4 

395 

302*0 

210 

164-5 

305 

228-3 

400 

306-3 


So^hlct’s method only dilfers from Wem’s in minute details. O’lSullivan’s 
metlKsl is also similar, and has been already descrilxxl at p. 112. 

(8) Volumetric MeOtodt. —These have been already descrilied at pages 
114~115. Most of the methods are applicable to the determination of 
milk-sugar. 

S 142. (e.) 'Volal Profeidt — 

Kjctdahl’s Method. —The nitrogen is determined in 6 gnus, of milk by 
Kjeldahl’s method (sec p. 97). The sulphuric acid is added directly to 
the milk, wliich need not be evaporated. 

According to Munk,' milk contains a sensible proportion of non-proteid 
nitrogen, from '022 to '034 per cent, in cow’s milk and from "014 to "026 
per cent, in human milk. The American Association of Official Agricultural 
Chemists use the factor 6-25 to convert nitrogen into milk proteids instead 
of the usual factor 6‘38. 

Ritthaumi'e Prucert. —To 10 o.c. diluted to 100 c.o. are added 6 c.o. of 
6 per cent, sulphate of copper solution. The solution is nearly neutralised 
by half normal soda solution, but it must remain slightly acid; hence the 
acidity is determined carefully on another sample of the milk, using 
phenolphthalein as indicator before adding the copper sulphate, so that 
the exact quantity of sodium hydrate to be added is known. The 
precipitate is washed once or twice by decantation, passing the washings 
through a tared filter; the precipitate is next transferr^ to the same 
filter and well washed. The nitrogen in the filter and its contents may 
' Jovmi. Chum. Soc., 189-1, xi., 196. 
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be detei-mined by Kjoldabl’s method, or the filter with oontouts may 
be dried at 130 C, The weight found ie that of protoids, fat and mineral 
matter. On burning to an ash and subtraetiug, the result is total protoids 
and fat. The fat having been already obtained by other methods, the 
proper quantity of fat is subtracted from this weight, which then 
equals tlie protoids. 

Or the wet filter may be washed with alcohol, extracted with ether in 
a Soxhlot apparatus, then dried and weighed, and lastly burned to an ash; 
ou subtracting the ash the total protoids are obtained. 

, Estnnation of Castiin (i7id Albu^nen. —100 c.c. of milk are divided into 
throe equal portions. One of those portions is diluted to alsnit four times 
its volume, and acidified with dilute acetic acid until tiie casein coagulates 
in a flocculont condition ; a current of carbon dioxide is now passed through, 
and the precipitate allowed to subside. The whey is then carefully syphoned 
off on to the second portion of the milk; more aeid, if necessary, is added; 
the same operation repeated ; and this second whey similarly added to the 
third portion of milk. Finally, the whole of the casein is colle(!tod on a 
filter, and washed. The result of the process is, that the albumen from 
100 C.C. of milk is hold in solution in about 260 to 300 c.c. This solution 
is now i-iiisod to the boiling point, and gently Isuhxl for a few minutes. 
The whole of the albumen falls down, and is easily collected on a previously 
dried and weighed filler. This easy separation of tlie casein and albumen 
by acetic acid and carbon dioxide only applies to the milk of the cud* 
chewers; with human milk, the milk of the liorse or of the ass, the process 
gives no good result; when treated iu the same way, it is true that the 
casein appears to ccagulate, but is in a state of such fine division that 
nearly an of it remains suspended in the liquid, and filtration through paper 
becouies imjx).ssible. From all these a clear Idtrate may, however, be 
obtained by filtration under pressure through one of the Pasteur or 
Uerkfcldt candles, or the globular-shajjed vessels formed of kaolin and 
(piaits, as described by W. Pukall. The globular shape is spmewhat better 
than the cylindrical In ail these cases the filtration is upwards; by means 
of an angle tube and caoutchcuc-pressure tubing, the filter is attached 
to a mercury or water pump. The milk is diluted, acidified with acetic 
acid, and saturated with carbon dioxide .as before; the filter is then totally 
immersed in the dilute acid milk, which fur this purpose is placed iu a tall 
beaker; a good vacuum is maintained, and ultimately the whole of the 
whey passes through, and the casein may bo washed two or three times 
with water. 

This method has been modified by Ritthausen.' 10 grms. of milk are 
diluted with 90 o.o. of water at 42° to 43° C. and 1'6 c.c. of a 10 per cent, 
solution of acetic acid added; after 6 minutes a precipitate of casein settles, 
the albumen remaining iu solution. 

The precipitated casein is treated with alcohol and ether, weighed and 
burnt up to an ash as in the estimation of total protoids. The albumen is 
obtained by neutralising the filtrate with sodium hydrate and adding 3 c.c. 
of a 10 per cent, acetie acid solution, lx>iling for 16 minutes, and collecting 
on a tared filter; or the N in the albumen may be estimated by Kjeldahl’s 
process and the N found multiplied by 6'38. 

fiebclien’t Method. —I.;efrmann and Beam have slightly modified Sobelien’s 
original process as follows:—10 o.c. of milk are mixed with a saturated 
solution of magnesium sulphate, and the jrawdered salt added to saturation. 

' Ber. Chem. GaaU., xxvi, 1158-1172. 
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The mixture is washed into a graduated measure with a small amount 
of the saturated solution, and made up to lUO c.c. with tlio same saturated 
solution, mixed, and allowed to stand until seiiaration takes place. 
As much as jxwsible of the clear solution is drawn oil' with a pipette and 
passed through a dry filter. Of this filtrate an aliquot p)rtion is taken, 
the albumen preeipitated by taimin solution (prepared by dissolving 4 
grms. of tannin in 1!)0 c.c. of 50 per cent, alcohol, and adding 8 c.c. of 
acetic acid of 26 per cent, strength).' The nitrogen in the tannin pre¬ 
cipitate is determined by KjeldahTs process. Phospho-tungstic acid ® may 
be used as a precipitant instead of tannin. 

Lehman’s Method. —This methcKl lias the advantiige over others in 
the fact that no reagent which may cause chcmicid change in the proteids 
is added. 6 grms. of milk are poured on to the centre of a porous un- 
glazcd porcelain plate, previously wetted with water. In about an hour 
and a half the serum is absorbed by the |>late, the casdiu and fat remain¬ 
ing behind. The residue is scraped off the plate by means of a spatula, 
the fat extracted with ether, and the remaining ca.scin dried and weighed. 

§ 143. (/.) 'rhe Ash— 

'[’he ash is estimated in a quantity of milk, which should not e.vcced 
26 c.c. It will be found that larger quantities do not at all conduce to 
accuracy, as the large amount of carbon, with even groat care, dovolo[)s 
too much heat, and the phosphates are liable to fuse, enclosing little 
particles of charcoal extremely dilhcult to burn. With small quantities, 
however, the milk rapidly burns to an almost white ash. It may be 
further analysed on the principles laid down at p. 9.3. 

If porcelain evaporating dishes are used there will be little feqr of over¬ 
heating. A good method is to char the asli well, extrfvct with wal er and 
eva{H)ratc the filtered aqueous extract to dryness and weigh, after igniting 
at a just visible red heat. This gives ‘soluble a.sh.’ The insoluble ash 
will remain mixed with carbon, but containing no volatile chlorides. Tliis 
part may now be burned up to a white ash without fear of loss. Allen 
adds to the black char a few drops of strong sulphuric acid and one drop 
of nitric acid. On ignition the ash will be obtained white; the weight 
found must be multiplied by '67 to correct for chemical action of sulphuric 
acid on the mineral constituents. 

§ 144. Citrie Aeid in Milk. —Various observers, such as Henkel,® 
Soheibe,^ Vaudin,® have separated citric acid in quantities of from ‘05 to 
•11 per cent, from cow’s milk; these observations have found satisfactory 
couhrmation by a special research of Alfred 'Wbhlk.® 

The best method of separating citric acid from milk is prolrably to 
coagulate the milk proteids by acid mercuric nitrate, using only a slight 
excess of the precipitant. After 61tering off the proteids, the clear whey is 
neutralised by soda solution, and heated on the water bath for some time; 
a white precipitate falls, which consists of mercury and calcium phosphate 

* Aliueii’s reagent 

^ To prejiare iilioapho-tungtdiG acid 100 griiut. uf sodium run^tatearo dissolved in a 
litre of water ana 100 gnus, of ^thosphorio aeid solution of sjiecific mvity 1‘18 odd^. 
The mixture ia boiled and aciililied with HOI. After twenty-four uonrs the whole is 
filtered; the filtrate is then roiuiy for use. 

* Jaili.re$hericht der ThUrchmsie^ 1889, § 94. 

* LmdwiHhscKaftlicke Versiichs-Statiovm, 1891, § 244,164, 

* Anmlcs de Vlnstititt Pasteur^ viii., 602. 

* lJel)er die Einwirkung tou Hn>m and Koliumpeimanganat und Oitrouenstlarc 
(Stahre’s Reaction) and den hTachweis von Citronensauro in MUch,” von Alfred Wohlt 
Zeita. f. atialytiicha ChemUt 190f| 79. 
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and citrate. The mercury is got rid of by acidifying with hydrochloric 
acid, and passing a current of SHj through the liquid. After filtering off the 
mercuric sulphide, tho lupiid is c(X)Ied, a solution of calcium chloride added 
and exactly neutralised by soda solution, using deciuormal phenolplithaloin 
as an indicator. The calcium phosphate falls, the calcium citrate remains 
in solution. On filtering off the phosphate and lx>i1ing, calcitun citrate is 
deposited. 

To identify the salt, a little of it may be dissolved in dilute sulphuric 
aciil and ponnaiigauate solution added until the liquid is of a pink colour. 
Tho j)ermanganato oxidises citric acid to .accton-di-civrbon acid, which gives 
with Doniges reagent (5 grms. of mercuric oxide dissolved in 20 c.c. of 
sulphuric acid and made up to 100 c.c. with water) a crj'stalline precipitate, 
SO,lfg,0,HgCO,(CH,COO),Hg. 

When added to the same [lermatiganate solution, a few drops of bromine 
water produce a cryltalline precipitate of peiita bromacelou (melting point, 
73“ C.). 

An acid organic substance which, on boiling in neutral solution, yields 
with calcium chloride a precipitate, which gives, when oxidised with 
potassic ])crmauganatc, a crystalline precipitate with Deniges reagent, aud, 
on carrying the oxidation a step forward, forms pentii-bromacetone with 
bromine water, must be citric acid. 

To estimate citric acid, the simplest method is to convert tho calcium 
citrate by ignition into calcium carbonate, and titrate with deci-normal 
acid ; or, riithcr, to dissolve the carbonate iu a known volume of the acid, 
and titrate back with standard alkali, using methyl-orange as the indicator; 
2 c.c. of dji. acid c(}iuils G‘4 mgrras. of citric acid. 

§ 145. Kdimatiim of Urea .—The estimation of urea is of some im¬ 
portance, since any disorder interfering with the action of tho kidneys 
throws (as has been well ascertained) an excess of urea on all tho secretions 
of the body. A known quantity of milk, wliich should not be less than 
half a litre, is evaporated with constant stirring in very IkVge flat dishes 
to a granular condition. The fat is next extracted by dry ether, and from 
the fat-free solids the urea is extracted with other substeuccs by absolute 
alcohol. Tho alcoholic solution is evaporated to diyness; and from this 
dry residue tho urea may be further purified by dissolving in alcohol. 
A litre of milk in its normal state yields about 10 mgrras. Urea must be 
identified by its proj)crties as follows:— 

It is crystalline, crystallising in quadratic prisms, and polarising with 
a gentle blue colour under the microscope. The crystals should be heated 
with a little hydrate of baryta in a closed tube to 200° for some hours, 
when a very definite reaction ensues, ammonia and carbon dioxide being 
produced. The liquid may be distilled, and ammonia identified by the 
Nessler test. Carbonate of baryta will appear as a precipitate, and may 
be readily examined, converted into sulphate, and weighed; 1 part of 
barium sulphate =-2674 urea. A convenient method of identifying urea 
is also to dissolve the crystals in the smallest possible qrrantity of water, 
and then to add a drop of dilute nitric acid; tho nitrate of urea is pre¬ 
cipitated, and can be identified by its microscopic charaoters. Nitrate of 
urea crystallises in the rhombic system. The most common appearance is 
that of large plates, many of which lie one upon tho other. 

§ 146. Volatile Adds .—Volatile acids may be separated by careful dis¬ 
tillation in a vacuum, first acidifying the milk by tartaric acid. Acetic acid 
in small quantities is invariably present in fermented milks; but the dis- 
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tillatc of normal qnilo fresh milk is neutral. In milks already undergoing 
decomjiosition, it is best to dilute the milk slightly, and filter through an 
earthenware cell, and then distil. Under these eircumstiuiccs, it is not 
nooossary to distil in vacuu. 

§ 147. KnUmation of the Total, AHiJili/ 0 / Milk—ISslimalian of IjnHie, 

N 

Aciil, —100 o.e. of milk are pliiced in a beaker and titrated with 

alkali, using phcnolphthalciii as an indicator until a faint pink is obtained. 
It is usual to call each c.c. of alkali used 1“ of acidity. Normal milk 
examined twelve hours after milking usually has an acidity of 30°. 

Edimation of iMtir, Add. —It may bo of groiit importance to make an 
accurate estimation of lactic acid in milk. The following method m.ay bo 
employed:—T’he milk is dried, exhausted of fat by carlron disulphide, then 
treated with lui alcoholic solution of o.valic acid, filtered, and an excess of 
hydrated oxide of lead added. Any lactic acid now cWained in the fluid 
will bo present in solution as a lactate of lead. The liquid is filtered, 
saturated with and again filtered, concentrated by evaporation, and 
ts)iled with oxide of sine; on filtmtiou, evaporation, and standing, erystiils 
of lactate of sine arc produced. There are four isomeric lactic iicids; that 
which is obtained from milk is fermentation lactic acid, also termed 
‘ ethylene lactic acid.’ The zinc salt has the composition 3 ((Ji,H 50 j)Zn + 
3H.jO. It cryshdlises in four-sided prisms; it is soluble in 6 parts of 
iHiiling, fiS of cold water. It is nearly insoluble in hot or cold alcohol. 
100 parts of the salt contain 2.'5’8 of zinc oxide. Lactic acid itself may bo 
obtained in a very pure stixte by decomposing the zinc-salt with hydrogen 
sulphide, when the acid presents itself as a colourless, strongly ccid li(pnd. 
A drop of this acid, placed in the subliming coli,' and heated very gi’adually 
above 300° C., gives a white sublimate of lactido, UgH,0.j, a very char¬ 
acteristic reaction. If the heat is not gradual, this snfiliniate is not' 
obtiiincd, for it then decomposes into carbon dioxide and aldehyde. 

§ 14H. DdeHion of iMcdals in Milk. —In rare cases it may be necessary 
to test for such metals as copper, zinc, lead, mercury, arsenic, or antimony 
in milk. 

Non-vohitile metals, such as copi)cr or load, are conveniently sought 
for by the ordinary chemical reactions in the ash. Volatile mctallio 
poisons, such as arsenic or antimony, may be looked for as descrilred 
in testing beer for arsenic. Mercury is best detected by Iloinsch’s test. 


C. Tub Analysis ok Mir.K vou tub Puhposb of Dbtbotino 

AdL'LTBEATION. 


§ 149. The various methods by which milk may bo adulterated are 
very numerous. The analyst may have to detect and make qmintitative 
estimations when possible of:— 


(1) Tlie addition of water. 

(2) Thn abstraction of tat. 

(3) The addition ot sqwratcd milk. 

(4) „ „ ,, condunsorl milk, boiled milk, or sterilisfsl milk. 

(5) „ „ „ gelatin. 

(6) „ „ „ staivk, dextiin, cuuo sugar, glncose, or invert sugar. 

(7) ,, ,, „ prescrvatiTiw. 

(8) „ ,, I, colouring maltera 


* Sec Poisons, th^,T Mjfat and Mcelion, by A. Wyuter Blyth. 
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(1 and 2.) Ad(jlpA Water and Aheti'octum of Fat —Providing the milk is 
fresh and in good condition tho amvlyst will liave to dotormino (a.) specific 
gravity, (h.) fat, (e.) total solids, (rf.) solids not fat. 

(a.) Tho specific gravity may to taken as already described and corrected 
to tho normal temperature by tho table on page 216. (A.) Tho (at may 
to determined by one of the rapid methods, such as Loffmann and Hearn’s, 
(c.) Tho total solids may be calculated from Richmond's table (see Ap¬ 
pendix). (d.) The ‘solids not fat’ may bo determined by snbtraoting the 
percentage of fat from the percentage of total solids. 

With many milks these dotormiiwtions will be sufficient to decide 
whether the sample is genuine. If there bo any doubt, the total solids 
and ash must be directly determined, care being taken that no iwldod 
mineral in the ash is ovorhwkod; tho fat must to determined by the 
Werner-Schmidt method, or by mcfins of an Adam’s coil. On another 
portion of tho samplfi, tho total proteids and milk-sugar must to estimated 

Tho direct determination of the total solids should correspond closely 
to the total solids (Mvlculated. 'The milk-sugar, proteids, and ash should bo 
in tho average ratio calculated by Vioth, 13 ; 9 : 2. 

If this relationship bo much disturbed, or if tho ash be atovo tho 
normal (f.e., 0'75 per cent.) tho milk is probably abnormal. In abnormal 
milks the a.sh is often high, tho milk-sugar usuiilly low. I’rovidod that the 
milk be not abnormal, tbe analyst has now figures from which to calculate 
the percentage of added water and the percentage of fat abstracted. 

'I'ho percentage of added water is calculated upon the percentage of 
‘solids not fat.’ 

Poroonlagc of added water = 100 - " ^ 

y 

where s = ‘solids not fat’ in tho sample, and y = tho ‘solids not fat’ 
in the original milk. As tho solids not fat in the original nnik arc but 
rarely known, some stivnihird of comparison must bo takih. 

In taking a standard of comparison a clear distinction must to drawn 
between tho average Kompoeition of milk and the minimum amowit of solids 
not fat and fat contained in genuine milk. 

Tho aiierage eomjioeition of milk as deduced by Vioth and Richmond 
from 200,000 analyses is;— 

Per cent. 


Water,.87'10 

Fat.3'90 

Milk sugar.4'76 

Casein.8'00 

Albumen,. *40 

Ash,. '75 


Tho average composition of milk produced for sale in this country is 
according to the Report of the JiepaHmental Committee on Milk and Cream 
RegiUatiom, IttOl :— 

Per cent. 

Total solids,.12'6-12'8 

Fat,.3-7- 4-0 

I'ho minimum amount.of solids not fat found in the mixed milk of a 
herd of cows, such as are kept in this oountiy, is tost illustrated by 
Richmond’s figures Ho has shown' that only in 2'19 per cent, of the 
samples are th<f ‘ solids not fat ’ likely to fall below 8'5 per cent .; in only '3 
* Dairy ChmUtry, 1901, p. 1^ 
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pfir cent, of the Bamples arc they likely to fall Mow 8'4 per ocait., and oven 
in Iheso cases, at least '5 per cent, of nitrogen and ’7 per cent, of ash will 
bo found. 

The minimum amount of fat in the mixed milk of a heixl of cows will 
bo rarely found to fall below 3 per cent 

The milk of individual cows will n.atu7’ally present greater variations 
thiin the mixed milk of many cows, and before deciding whether the milk 
of an individual cow has becji watered or skimmed, the analyst will have to 
take into consideration the circumstances discussed later on. 

'flic minimum amount of ‘solids not fat’ contained in milk for the 
purj)oses of the Sale of Focal and Drugs Act has l>ccn fixed in this country 
at S'.l per cent., so that the formula for calculating the added water becomes 

added water = 100- 

8-5 

If, however, it is necessary to calculate the probable amount of water 
fuldecj, it is better to divide by 8‘9 than by K-f), 

liichmond csjii.siders that a truer estimate of the real juTcentage of 
added water is obtained by using the following fonnula— 

added water = 100 - 100, 

34-f) 

whore (1 ccjuals degrees of gravity in whole numbers, less 1000: i,lius 
1032=32 and /=p('rcentage of fat. 

M. Lescoeur has proposed the following method of dotoeting added 
water:— 

The milk is cojigulatod by adding to it a tnme of rennet, the whey 
filtered oil and collected. 

The s])ceific gravity at 15° 0. and tlie total solids of the whey are 
estimated. 

The sirccific gravity of normal milk whey varies from T029 to 1‘031, and 
the total solids from 6'7 to 7’1 per cent. 

If tlie specille. gravity falls below 1'027 and the total solids below 6’7 
per cent, he considers tlie sample watered. 

A. J. Woodmanu' proposes a method similar to the above. To 100 c.c. 
of milk 2 c.c. of acetic acid (sp. gr. 1’030) are added. The mixture is 
heated to 70° C. for 20 minutes, then placed in cold water for ten to fifteen 
minutes, filtered, and the sp. gi’. determined. Pure milk scnim has a sp. 
gr. of 1‘021>; every 10 per cent, of added water causes a decrease of ‘0031 
in sp. gr. 

The percentage of fat absti-actod is calculated on the percenbvge of fat 
contained in the sample. 

Per cent, of fat abstracted = 10D-’ where/, = fat in original milk 
and/a-fat in sample. 

The fat in the original milk is not usually known, : n, ai already ex¬ 
plained, some standard of fat is taken. 

The standard for milk fat in this country has been fixed or the purposes 
of the Sale of Food and Drugs Act at 3 per cent., so that in calculating fat 
abstracted for tbo purjKJsc of certifying under this Act, '/j, must be taken 
as 3'0 

‘ Jaum. Ainer. Chem. Hoe., xxi., 603-508. 
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If the amount of fat that has probably been abstracted is required it 
will be better to iiake/, as 3'9 instead of 3 0. 

It must, however, be remembered that there are cousiilerable variations 
of fat ill genuine milks, and that the amount of milk fat is often much 
higher than 3 9 

§ 150. (3.) Adult^-a/i'onwith Separated iJilk. —The adulteration of whole 
milk with milk from which a largo portion of the fat has been abstracted, 
is the must common of all adulterations. To what an extent this is done 
may bo scon by comparing the milk as supplied by farmers with the milk 
sold'by retailors in any large town. 

This form of adulteration can only be detected when the original 
composition of the milk is known, or when the fat in the milk falls below 
the standard taken. 

§ 151. (4.) The Adwlteration of Freeh Milk with Urmoeeteiuid Condemed 
Milk, Boiled Milk, of Strrilieed Milk. —This has been studied by Kalier, and 
also by Messrs. Drooji Richmond and lloseley.i The original suggivition of 
Faber, that this might be detected by the diminished amount of soluble 
albumen in milk, has boon confirmed by Richmond and lloaelcy. They liiwi 
the jxircontagc of solubh! albumen in fresh milk to vary from 0'41 to 0’45 
per cent., as estimated by Seholien’s method of separating casein and 
albumen (see j>age 927). 

(1. H. Stewart gives the following table, showing the percentage of 
.soluble albumen in milk which ha.s been raised to various temperatures;— 


• 

Time of Heating 



Soluble AllHiiiicn 
in l*'ro8]i Milk. 

Solliblu Albumen 
in Heated Milk. 

10 iniiintcs lit UO'' 0.,. 



*423 

•418 

:;o 




•435 

•fJ7 

10 

,, ,, 



•m 

•8(>2 

‘40 




•395 

•33« 

10 

„ „ 70“ C.,. 


. 

•422 

-269 

no 




•421 

•253 

10 

„ „7i,-C.,. 



•880 

•07 

no 




•38 

•06 

10 

80"C.,. 



•375 

1)0110 

no 




•375 

none 


The following test will also be found useful:—If to 5 c.c. of milk about J 
gramme of paraphenylene-dkamiuc be added, and then two drops of 10 
per cent. lIjOj solution, fresh milk gives a blue colour; pasteurised milk, 
faint blue; sterilised milk no colour. 

(5.) OelMin, see page 270. 

(6.) Starch — Dextrin. —These will be readily detected by their 
characteristic reactions with iodine. 

Cane Sngar—Glucose — Invert, Sugar —See Condensed Milk (p. 264).— 
For the simple qualitative detection of cane sugar in milk. Cotton’s method 
may bo used:—10 c.c. of the milk to be tested are mixed with 6 grins, of 
powdered ammonium molybdate and 10 c.c. of dilute HCl (I in 10). A 
second tube containing milk free from cano sugar is treated in the same 
manner. The two tubes are placed in a water liath and gradually heated. 
At about 80° C. the milk, if it contain cane sugar, becomes blue, the 
control tube showing but little colour 

• Analyst, July, 1893. • 
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§ 162. (7.) Pmervalum .—The stibstances most frequently added to 
milk ill order to i)rcsorve it for a short time are borax and horacic acid. 
Usually mixtures of those two substances are sold to farmers and dairymen 
under trade names, such as ‘ Areticanus,’ ‘ Conscrviiie,’ ‘(ilaeialiuc,’ 
‘Preservilas,’ and others. The majority of these contiiiii 10 to 20 per 
cent, of borax (N.i.jll^OjlOll.,0) and 70 to SO per cent, of boric acid 
(HjllO,). 

Next in importance to boron compounds is a 40 per cent, solution of 
formic aldehyde, known as ‘ Kormalin,’ and sold as such or under various 
trade names, such as ‘ I.actio fluid,’ ‘.Steryl,’ etc. 

Other preservatives which have been used from time to time are:— 

Salicylic luskl and sislium salicylate, sodium chloride and sodium 
earbonate, potassium uitraUi, s(«lium fluoride, sodium fluosilhiate, fluoborio 
acid and lluoliorates, /3-naphthol, glycerin, sodium beniioatc. 

liichmond^ doseribes a curious preservative labelled thus 

consisting of 12J per cent, free boric acid, IS percent, of salicylic acid, 
combined with soda and magnesia in glycerin solution, a bitter priuci])le 
being also present. 

§ 1.6.1. Thu Mectum awl Kstiimtiou of rme.rvativen in Milk. —A 
method applicable to all jirescrvativcs and capable of dealing rapidly with a 
largo number of samples is as follows: ^— 

Measure out 10 c.c. of each sample of milk into wide clean tost tubes. 
Add to one tost tube as a control 10 c.c. of milk known to bo free from 
prc.scrvative8. Then to the control and each of the others add 1 c.c. of a 
strong litmus solution ; examine the colour of all the tubes, and.if they are 
not the same shade of blue make them so by adding drop by drop a half 
normal solution of sodium (wrlxmate, heat in boiling water for 10 minutes, 
allow to cool, then inoculate each tul>o with '5 c.c. of a very dilute 
solution of sour milk in water. Place the tubes, plugged with cotton-wool, 
in an inculwtor at about 20° C. The control milk will become white in 
about 24 hours, whife those tulics containing preservatives will remain blue 
or pinlc, the shade varying with the cpiantity present. 

§ 164. Borax — Boric aeitl — DutcKtion, —Evaporate down 6 or 10 o.c. of 
the nulk previously made alkaline, thoroughly char the residue, boil the 
char with a little water, then acidify with IlCl and dip in either ordinary 
turmeric paper, or turmeric paper which has been dipped in oxalic acid 
solution and dried ; dry the turmeric paper over a flame; it will become 
pink changed to olive green or blue by alkalies, if boric acid be present. 
The tost with oxalic acid turmeric papers is a modilioation of a test proposed 
by Csissal aud (xcrraus,‘‘ and will be found far more delicate than the 
ordinary turmeric method. Or to the ash a little glycerin may be added, 
the mixture stirred with a glass rod, and a portion on the loop of a platinum 
wire introduced into the Ihuisen flamo, aud examined by the spectroscope, 
when the bands peculiar to boracic acid will bo seen, and may be compared 
with the sjioctrnm of pure boracic acid. Or the ash may be decomposed by 
pure sulphuric acid, a little alcohol added; on heating and setting the 
vapour alight a transitory green flame is observed. 

QuantitaMve. Estirmtum of Boric Add * (Moissan’s method).—Tire borate 

‘ Dcpartirmtal OommiUte on Food J’resermtioes, etc., 1901; Apiiondix xxxi. 

s Mcr^ith Wyiitcr Blyth, Anali/sl, vol. xxvi., 148. 

® BritUh Food JounuU, October 1902. 

* II. Moisasn, CompteifBtndm, 1893, oxvi., 1087. 
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is put into a small flask and heated by means ot a calcium chloride bath 
with 1 O.C. of nitric acid. The mixture is distilled to dryness. ('Flio 
distillate is beat received in strong ammonia solution.) The flask is cooled; 
10 c.c. of methyl .alcohol added, 1 c.c. of water, and 1 c.c. of nitric !ieid, 
and the mixture again distilled to dryness; this opovatioii is repeated three 
or four times until the complete distillation of the methyl liorate is 
rendered certain by testing a drop of the distillate. The distillate is 
poured on to from 8 to 10 grins, of calcium oxide (made by Igniting calcium 
nitrate) evaponated to diyucss on the water bath, and then the crucible 
ignited in a muflie or before the blowpipe, so as to convert it into ciiicium 
oxide and calcium borate; the gain in weight is B/).,. The residue should 
in all eases bo tested for calcium carlwnate.; this may easily be present 
from insufficienjt ignition. 

Ilehner prefers to distil directly into a measured volume of standard 
sodium phosjibate solution, which is then evaporated and ignited. Thu 
inoreaso in weight is due to lioric acid. 

A better method ‘ probably is that which is based upon the volatility of 
ammonium-boron-flnoride. The bonito (Kcischle) is mixed with six times 
its bulk of sublimed lunmonium fluoride in a platinum crucible and warmed 
for some time so as to volatilise the greatest part of the ammonium-boron- 
fluoride. After cooling, sulpbrnic acid is added, and the excess of sulphuric 
acid with the remnant of fluoride got rid of by heat. In this way an ash 
is obtiiincd containing sulpliatcs, but free from boric acid. To a milk ash 
it would be advisable to add some caustic lime before adding the ammonium 
fluoride. 

Parmodtier * divides a solution of boric acid in either hydrochloric or 
sulphuric acid in two equal jiarts, and estimates the acidity in the one by 
using helianthin as an indicator, in the other by litmus, with soda, since 
liorir acid is insensible to helianthin; the diff'erenco between the two 
titrations he considers equals the contents of boric acid. , 

K. T. Thomson® has also proposed a method of titrating boric acid, 
utilising the fact that an aqueous solution of boric acid is neutral to 
methyl-orange and slightly acid to phenolphthalcin, and this will bo found 
the best method to use in oixlinary cases. We have made a largo number 
of determinations by this method, and find that with care the estimation 
is ve^ accurate. Make 100 c.c. of the milk distinctly alkaline with 
caustic soda, and evaporate to dryness in a platinum dish. Char the 
residue, heat with 20 0 . 0 . of water and add hydrochloric acid drop by 
drop until only carbon is loft undLssolvod. Transfer the liquid, which 
should not measure more than 60 c.c. to an 100 c.c. flask. Add about -6 
gramme of dry calcium chloride. Add a few droiis of phenolphthalein 
solution, then run in a 10 per cent, solution of caustic soda until a 
permanent pink colour is obtained, then add 26 0 . 0 . of saturated lime 
water. Make up the total bulk to 100 o.c.; shake well, filter through a 
dry filter into a 50 c.c, flask. Treat this 60 c.c. as follows;—Add normal 
HjSO^ until the pmk colour disappears, then a few drops of methyl-orange, 
then the acid until the yellow colour just changes to pink. Add very 

carefully ^ NaOH until fhe yellow just returns. Boil, cool, add ns much 

glycerin as will give about 30 per cent, of this siilistance. Titrate with 

* Zsit./. anal. Chem., 189<, 373. 

* Oumptes Xendm, cxiii,, 41. 

* Jmim, Son, Chem. Imt., xiL, 432. Am.hjd, July, 1893. 
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N 


r NaOH until a permanent pink eolour ia obtained. 


Eacli 1 C.C. ^ NaOH 
5 


= '0124 borie acid, or '007 Il^O,. 

ji 16D. Foniiahldii/ih in Milk —‘Formalin,’ a 40 per cent. Boliitiou of 
formaldoliyde, is usoil at the proBcnl time as an antiseptic ; 15,000 gsillons 
of formalin are stated to liave been sold to milk vendors in 1894. ’riio 
amomit iwldcd is alamt 6 ozs. of fonnalin to a gallon of milk, equalling in 
a litre to about 21 mgrms. of formaldehyde; extended experience has 
shown that it preserves milk for several days with but little change. 
R. T. Thomson found that a sample of milk, to which .35 grains of formalin 
per gallon had been iid<]ed, contained at the cud of eight days 0’07 jier 
cent, lactic acid, and at the end of eleven days O'lO per cent, of lactic 
acid, the same milk untreated yielded O'flS and 0'71 jier cent, lactic aci<l 
rcspeetively. 

Formalin must be looked for in the sanqile dii-ectly it arrives, as it 
disappears rapidly from milk (see also Coloiu’iinj-MaHiv, p. 241). The 
best test for formalin is Ibdnier’s : Take 10 e.e. of milk in a tost tnbe, 
add one drop of ferric chloride solution, and dilute the milk to about 
30 c.c.; pour concentrated sidplmric lund down the side of the tube, so 
as to form a layer at the botbjm of the milk. A violet-blue ring will be 
formed at the junction of the liquids, if formic aldehyde is pi’csont. The 
following coniirmatory tests in.ay Ixi applied to a distillate from the 
slightly aciditied milk :— 

'To the fluid sup]K)sed to contain formaldehyde is added 0'6 c.c. 
dimcthyl-nuiliue, acidified; with a few drops of sulphuric acid, and after 
shaking heated on the water-bath for half an hour. The soluticn is then 
alkalised and kiilod until the smell of diuicthyl-unilinc has dlsap])eared. 
The liqind is filtered through a small filter, and the filter washed a few 
times with water; it is then opened, spread on the bottom of a porcelain 
dish, moistened with aceti(! acid, and finely-powdered peroxide of lead 
added; a blue colour will appear if formaldehyde is present. 

For both the detection and quantitative estimation of formaldehyde 
the reaction with aniline can Ikj utilised. 'ITic solution of formaldehyde 
is dropped slowly into aniline solution (0'3 per cent, strength) and a pro- 
cipitfvte forms of anhydro-formaldehyde-aniline, CjHjNCHj, according to 
the reaction 

ColIjNlL+CHjO = C^H^NCHj+naO. 


After fortj’-cight hours, the precipitate is filtered off, dried at 40° C., and 
weighed. Although the pi’ooipitate forms in solutions of so feeble strength 
as 1 : 20,000, and the comimuud is 3'5 times heavier than the original 
forraakhihyde, it is doubtful whether the minimal quantities of formal¬ 
dehyde added to milk can be ssitisfactorily estimated by this or any other 
process which entails actual weighing. 

Richmond and Rosolcy have proposed to test the milk distillate by 
diphcnylamine. A solution of diphenylamine in water is made by the 
aid of a little sulphuric acid. The distillate is added to this solution and 
boiled; in the prescuce of formaldehyde a white floccuhut precipitate is 
deposited, often coloured green if the acid contained nitrates. ' Schift'’8 
reagent is useful for testing for formalin; it is a solution of magenta 
bleached by sulphurous acid; excess of sulphurous acid must be avoided. 
In presence of an aldehyde SchiiTs rengeut produces a pink colour. If, 
therefore, to a distillate n^e acid with one or two drons of hydrochloric 
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acid, SohiiFs reagent produces a pink colour, it is a sign that a volatile 
aldehyde is present. 

Mr. Bevan' has shown that cpiite small quantities of formalin increase 
the total solids of milk. In cases whore only a few drops of foimalin 
have been added, tlie incrwise will not amount to more than 0‘2 per cent, 
but largo quantities would appear to increase the weight considerably; 
thus Mr. Bevan evaporated 0 c.c. of a mixture of equal parts of milk’ 
sugar, and albumen, and obtained a residue of 7-69 tfital solids per cent! 
On evaporating down the same quantity with the addition of 1 c.c. of 
formalin, the total solids rose to 9-29 percent., a diilercnce of TT. Part 
of the increa.se may be due to a polymer, and part to conversion of milk- 
sugar into galactose. 

Formaldchydo is, without a doubt, iKusonous, and the question has 
to be discussed as to whether it is permissible to preserve articles of daily 
food, such as milk? by its addition. The Departmental Committee on 
KikkI Preservatives, etc., 1901, recommend that the addition of formalin to 
milk shall be absolutely prohibited. 

Trilkt and Berlioz. “ have shown that 0‘8 grm. injected in a single dose 
subcutaneously into guinea-pigs produces rajiid death; poisonous cli'cets, 
but not fatal, are profluced by <piantities of from 0‘63 fo O'CC grm., while 
0-038 grm. pnjilucea no apjiarent symptoms. It is evidently excreted by 
tlie kidneys, for the urine of animals thus treated does not putrefy like 
other urine. 

If it affects man in anything like the same proportion as guinea-pigs, 
a man weighing 68 kilos. (150 lbs.) would ro(iuiro to take in a single dose 
about 17 gnus, in order to produce any appreciable effect, and probably 
even more than tliis, for organic poisons generally act less cuorgctically 
when swallowed thau when introduced directly into the eirculation or 
iK'malh the skin. It follows then tliat from 20 to 30 mgrms. per litre 
of formaldchyile are not likely to be poisonous; but whether an antiscirtic 
of this kind taken daily, even in small doses, will rendei* the milk less 
easily assimilable or nutritious is not known. Many interesting experi¬ 
ments on formic iddchyde in food will be found in the Appmlijs to Jteport 
of iMiiarimcntal Comnittm m Food /^mervatim, etc., 1901. 

§ 156. Mstimution of Formic Aldehyde .—Commercial milks contain, 
when preserved with formic aldehyde, from -0002 ptsr cent, to -006 percent.; 
■001 per cent, is considered as the maximum in the Government Laboratory, 
but as milks are c.vamined there kte, by the time the Government chemists 
analyse the milk much of the aldeliylo must have disappeared. 

The estimation must be nuwle as rapidly as possible, owing to the 
destruotica of the aldehyde by micro-organisms. The following process • 
may l)e used;— 

A bulb of about fifty cubic centimetres cairacity is blown on a piece of 
soft gliiss tubing of about Jj-inch bore; one end of the glass tube is drawn 
out close to the bulb mto a capillary tube and turned at right angles to 
the bulb; the tube at the other side of the bulb is also turned at right 
angles to the bulb (sec tig. 34t). 

Ten cubic centimetres of the milk to be examined are introduced into 
the bulb and made slightly acid, if the milk is not already sour. The end 

* ArntyeLScAy, 189o. * Gomp. Rend. t. cxiv., 1892. 

* “The Delcctiun and Estimation of Presetvatives iu Milk,” by Meredith Wynter 
Blyth, Analyst, xxvi., 503. Meredith Wynter Blyth and W. L. Alton, British 
Sanitarian, voL 1., 9. 
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of the capillary tube is now 8c.aled up. The bulb « ““^letoly 
inaiwmffiu b.atb, and the open 

(Kmneetiou with a serie.s uf bulbs contannun each hve cubic ««ut.u otres ^ 
water. The bulbs are placed in a bath containing cold niniung water. 
The parattiii is then heated to 120" C., and the inilh distilled ne.irly to 
drynoTs ; frolhino up the tube when it occurs can easily he prevonteJ by 
waruiiuK the tube with a burner. When the mi k is nearly dry the 
capillary tube is broken .at the end, and a slow and steady current of air 
aspirateil throiiKh the apimratiis by lue-ans of a water pump, tlie temperature 
of the parallin is allowisl lo rise until it reaches 200 C., and kept at this 
tompemture hir at least 15 minutes. The bulbs are then disconnected, 
and the second bulb tested for formic aldeliyde; none will be found unless 
the orisiinal solution contained a very largo amount; should there be any 
iiroseiit it must be cstimateil, and the third bulb tested. , , 1 11 

The first bulb is washed out with distilled watu", the whole bulk 



Ido. 34t. 


should not bo more than twenty cubic centimetres, two drops of litmus are 
added, and a few drops of dcciiiovmal sodium oarboiiate solution until 
neutral. 

A weak standard solution of formic aldehyde is now prepared. 

This is best elTocted by standardising a fairly strong solution of formic 
aldehyde either by Roinijn’s iodine method or his cyanide process the 

latt^jr is as follows:— i. m • 

Ten cubic centimetres of a deciuormal solution of silver nitrate are 
mi.yed with ten cubic oentimetres of a slightly under deciuormal solution 
of potassium cyauitle, containing a few droj^ of 50 per cent, nitric acid, 
the solution is made up to 60 cubic oeutimetres and filtered through a dry 
filter, and the excess of silver nitrate estimated, in 25 cubic centimetres 
of the filtrate, by means of a solution of ammonium sulphooyanate. A 
measured quantity of formic aldeliyde solution is now added to 10 cubic 
centimetres of the cyanide solution, and the process repeated in exactly 
^ ZeU^f. maJt/titche Chem , 1897, xxxvi., 18-24, . 
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the game way; the difreronco in the two readings gives the formic aldehyde 
])rcseiit, formic aldehyde and cyanide uniting in molecular proiJOrtions. 

The advantoges of this method are that the solution of silver can be 
easily stivndurdised, that it (»ui he used in the (iroseuco of acetone and 
other organie compounds, which entirely vitiate the results of any 
oxidation process. It ciui also be used in the presence of acetaldehyde, 
it the titration is carried ont at once. 

Control tubes arc made up with fresh or sterilised milk and the standard 
solution of .aldehyde, so that the several tubes contain (1) ’008 ])or cent., 
(2) "005 per cent., (3) ■002 2 )er cent., (4) '001 j)Or cent., (.')) ’0008 per 
cent., (0) ‘OOOO jjer cent., (7) ‘0003 per cent., of formic aldehyde. 

Various quantities of the neutral milk distillate arc also injected in 
dujdicato into portions of the same milk ; the Isjst quantities to take .are 
two tost tubes containing 5 c.c. of milk and 5 c.c. of the distillate; two 
tulies containing 7»c.c. of milk and 3 c.c. of distillate and two tulais of 8 c.c. 
of milk and 2 c.c. distillate. All these tubes arc treated with litmus exactly 
as described on page 234; control tubes 1 to 3 atid one set of the other 
tubes are placed in the warn incubator at 38° C., tho rest of the tubes are 
placed in the cool incubator at 22° C. They are examined after 24 hours 
.and from time to time. From a comparison of tho colours the amount 
of preservatives may bo judged. Jt is l)est to distil sufficient, in tho first 
jdacc, to make a second exjKiriinent, if necessary; care must bo taken not 
to shake tho tubes after they have once been put to iucubirte, as tho action 
of tho milk is to reduce by aljstracting oxygen, so that if the tubes be sliaken 
they will fcike up oxygen and become red. 

§ 15l5«. (Jlyreriu in Mi/i\ —A process of prcservmg milk by glycerin 
exists, and occasionally it is found in milk. To delect glycerin the casein, 
fat, .and albumen must be separated by dilution, acetic acid, carbon dioxide, 
and he.at, as described at {>. 227. The sugar is then estimated in one 
jMjrtion of tho yellow whey by copper solution; the wmaindcr is first 
neutralised, and then evaporated to dryness, and freed from any trace of 
fat by cxliaustion with pure other. The glycerin is now dissolved ont by 
a niixture of alcohol and other, the alcohol-other evaporated off, and the 
glycerin identified by its physicid characters and the [jroduction of acrolein 
fumes when heated with sulphuric acid.^ Use may also be made of the 
fact that glycerin sets free boracic acid from borax. A little borax, there¬ 
fore, may Ik) moistened with the syrupy drops supposed to be glycerin, 
heated in a Bunsen flame, and e.ramined before the spectroscope for the 
boracic acid bands.® 

Satitijlir add is used occasionally as a preservative of milk, and it is 
easily detected by shaking up milk whey (first acidified by hydrochloric 
acid) with other. Tho ethereal solution on evaporation leaves tho acid in 
a pure enough state to permit tho successful application of reagents. The 
b^t test for salicylic acid is the beautiful violet colour which it gives with 
a neutral solution of ferric clJoride. Besides this test, a minute portion 
may bo placed in tho subliming cell, when a well-marked sublimate is 
obtained at about 100° C. The crystalline form of this sublimate may be 

^ A test for glycerin has been proposed bvE. Donath and J. Mayshofer 
}ilr anal. Ohm., xx., 79). Tho supposed glycerin is heated to 120“ with two drops of 
phenol and the same quantity of concentmted sulphuric acid. The whole is then 
treated with a little water, and tlie insoluble [nrtion rendered slightly amnioiiiacal. 
Under these oircumsiaiices glycerin gives a beautiful rod colour. 

■■* A. Seuierand A. ,T. U. Lowe; Chem. Soc, JoumrS, clxxxix., 8ept., 1878. 
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compared with one ohtainnd from a known pure sample of salicylic acid. 
The nieltiiif; point of pure sjilicylic acid is 15.5" to 150° (1. 

liniziiii' wM is also occasionally used, and it may be delected as 
follows;—200 c.c. or more of milk arc alkalised with baryta water and 
evaporated down to one fourth ; the thickoued residue is next mixed with 
ciilcic Kidphate to a paste aud dried on the water bath. The mass is Huely 
powdered, moistened with dilute sulphuric acid, and extracted with cold 
50 per cent, alcohol. The alcoholic extract is nentmlised with baryta 
water, and coucentratod by eva]X)ration to a small volume. The liepdd is 
now acidulated with dilute sulphuric acid aud extracted with ether, tin 
separating aud evaporatiug the ether, any benzoic acid is left sufficiently 
puri! to respond to the usual tests. That wdth ferric chloriile succeeds best 
if to an aqueous solution of the acid a litth; s(xlic acetate is first ;wlded. 
For a quantitative estimat.ion of the acid, it is best to sidilime the acid, aud 
weigh the sublimate, checking this winght by •ascei't.ifining the loss tlus 
residue has experienced. 

g 157. Sodium Gnrhonaie will bo detected by the efforvcscenco of the .ash 
when treated with a drop of Ift.!!. 

. Leon Fade' states that the soluble ash from 10 c.c. of genuine milk 
only nspiires one drop of d. n. acid fm' ncntridisatioii, but if sodic bicarbonate 
is present more wall bo reqinrod. Fart of the carlionato may have beeu 
converted into phosphate, therefore soluble phospliate must be estimated 
and calculated into NallCO,. 

§ 158. Sodium Fluoride, Soiliiim Fluosiliraie, Fhtohorir, Arid, ami 
FliioltorafeK —The ash from 25 to 50 c.c. of milk is treated in a jdatinum 
dish, with strong sulphuric acid, the dish is warmed to about 9f>^ (!., and 
in the vapour is suspended a cold watch glass caated with paranin, from 
which the paraffin has beeu scratehod off in a few places. The vapour is 
allowed to act for .an hour; if a fluoride be present the glass will be etched 
iu the parts unprotected by j«ir.affin ; this etching, where traces of fluorine are 
present, will only be evident by brcatbmg on the glass. 

Kichmond suggests jflacing a drop of water on the {wraffin away from 
the lines scratched on it, fur the purpose of detecting fluosilicatcs ; if the 
latter be present, a white film of silica will be formed on the surface of the 
drop. 

Fliio-boratcs give the relictions of both boric acid and fluorides. 

§ 159. p-mpldiiol .—Several compounds of /3-imphthol aro now used 
as preservatives. Leflmann and Iteam “ describe one known as ‘ Abrastol ’ or 
‘Asaprol.’ Professor Thorpe ’ has mot with/{-naplithol-sulphonato of soda 
whieh is said to be used on the continent. But these substances, so far as 
known, are not used in this country. Lofl'maun and lioam give the following 
test:—200 grms. of the sample are acidified with sulphuric acid and steam 
distilled until 150 c.c. of distillate aro obtained. This lupiid is shaken 
with 20 c.c. of chloroform, the latter withdrawn, rendered alkaline with 
jxitassium hydroxide luid heated almost to boiling for a few minutes. 
Colour changes occur as follows:— 

.Salel . . liglit red. 

Phenol . . light red—to brown—to oolourleas. 

S-nsjditliol . deeji bine—to green—to brownish. 

t Ann. rhim. anal, app!., 1830, i., .83, 8. 

“ Selrei Mdliodii of Food Analpais, 1901, 84. 

* Kepori of Doparimental Cmnmillee on Food Frrservatkvs, etc., 1901, Appendix 
jii., 303. I 
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§ 160. (8.) ArtiflcJal Colouring Afatier in Milk. —The arlilicial colonriiig 
of milk is a practice which has iucrcasccl (mormoiisly during recent years, so 
much so indeed that it is now tlio e.vceptioD to find the milk as sold in the 
large towns of England nncoloured. At the time of writing there is no 
rogidatiou prohibiting the use of harm]cs.s colouring matters in milk, but 
the Dejmrtraental Committee on Food Preservatives, etc., 1901, in their 
report recommend that the use of colouring matters in milk offered for Side 
in the United Kingdom shall constitute an offence under the Sale of Food 
and Drugs Act. 

The colouring matters said to have been used at various times in milk 
include: coal-bir dyes, annatto, turmeric, saffi-on, carrot, marigold, caramel, 
and chromates, but the only sulwlauces used to any extent in the United 
Kingdom are annatto and certain sulphonated-aso-dyes and mixtures of 
these snlKilances. • In America caramel is also used occasionally. The 
amount of colouring matter added is about 1 pivrt to 200,000 parts of 
milk. 

Tlie colouring mattem at present used may bo detected as follows:— 

(1.) The fivsh milk gives a pink enfour with hydrochloric acid: prosence of a 

sii/pfomnttid-ozo-t/ifc. 

Confirm by extraetiiig us holow, und apply tho usual tests. 

(2.) A jacce of iilter-jMiper soaked for twenty-four hours in the milk made alkulino 
with sodium carbonate takes a brown stain which is ohangod to pink by hydrochloric 
acid: presence of mouitfo. 

Confirm by extracting as below, and applying the following tests!—(a) A drop of 
tile colouring matter dissolved in water and made alkaline with potash gives an orange 
slain on fiJter-paper, changed to pink by stannous chloride solution, (fi) A little of tho 
residue is dissolved in water containing a little alcohol und a dro]) of ammonia. A 
bundle of white cotton fibres is introduced, and the liijiiid evaiHiiatod nearly to dryness 
The fii>ra is then imniei'sod in a solution of citric acid. It will bo coloured rose-red if 
annatto is present 

(3.) t’ammaf.—Coagidato 10 c.c. of the milk by means of acenc acid, collect tho 
curd by slrahiing tlnoiigh linen, then place it in a white jwrcclain dish, and just cover 
with strong llfll. Treat a (suitrol samjile known to bo free Irom caraniol in tho same 
manner. A blue violet colour indicates tho presenco of canuuel. 

Other colouring mattcin may, however, bo present, or the original 
presenco of ocrtiiin coal-tar (lyes may be masked by the sain|)le being jjartly 
decomposed, since one of the authors has shown i that certain coal-tar 
dyes are reduced very rapidly in decomposing milk under tho influence of 
nascent hydrogen set free by tho action of anaerobic organisms. In the 
latter case it is possible to isolate their decomposition products. 

For tho isolation of colouring matters and their decomposition products, 
the following method may be usedTake at least 60 c.c. of the milk, eare- 
fiill}' add to it weak soda or strontia solution until it is just alkaline to 
delicate litmus paper. Evaporate the solution to a thin paste on the water 
bath 

(a.) Thoroughly extract the paste with ether. This will remove the 
fat, .and, if the milk was sour, the decomposition products of those dyes 
reduced by nascent hydrogen. Evaporate off tho ether, and shake the 
fat with warm water. Separate the water from tho fat, and evaporate tho 
water to dryness in a white porcelain dish; note the colour of the residue. 
(Pure milk yields no coloured residue.) To the coloured residue add 

t ((The Detection of Artificial Colouring Mattcreein Eroeh and Sour Milk,** by 
M, WynterBlyth. The Analyst, vol. xxvii., p. 146, 1902. 
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various roagoiits as in tlie followiiij' laUe, wliioli gives the reaetions of a 
few dyes:— 

Watku Extiiait from TiiK Fat. 


Nitic the Cifhmf ffwl apply mrimut Jiettyriits ia Ha- Jhy Jla-mhu'. 


(kiloiir 
of Kusiduc. 

Froiuiltlo 

Oriijiiinl 

Coloiiniig 

Aluttur. 

Add n Drop 
to FoiTie 
C'hioride. 

'J’o ilio 
Ferric 
Cliiorido 
udd Strong' 
iluS 04 . 

Otlier Iteactions. 

browu 

Acid 

yellow 

Dark 

gnion 

Yellow, 
{(nicn on 
dilution 


Blown 

1 inti fir 
yellow 

Dark lilue- 
grecn 

Yellow, 
green on 
dilution 

To a slightly acid sidution of the 
Colouring matter add a few <lrt»ps of 
Ilati solution, tlirii feiric chloride, 
heut—Jiiagenta coluui. 


Anilhio 

yellow 

Ydlow 

Yellow 

Strong or 1101, gives a delicate 

violet. 

Y.aiuw 

Marl ills 
yellow 

Itol 

Yellow 

Strong iJCl gives a beautiful rose red 
colour. 

Yelh.w 

yellow 

Red 

Yellow 

Same as Alaiidus yellow. 

Rolie i-cd 

Metliyl 

oruii^ 

l^’ngaiivo 

s(4irict 

Yellow 

Treat as with butter yellow,‘tlio solu¬ 
tion liocomos a hoautiful Idiio. 

Bi'owii-roci 

Omufio 

IV. 

Gi'oeu 

Suarlei, 
gieeu on 
dilution 

Treat os butter yellow, the solution 
becomes dirty viohit. 

Yellow 

Uiii'oduced dyes, soluble in ether 
from alkaline solution 



(I>.) Extract the fat-free residue with lioiliug alcohol, Hlter and evaporate 
to dryuess in a white porcelain dish. A portion of the residue if yellow or 
orange may he taken up with a little d. n. acid, and shaken with ether; 
this will divide the ])ORsible dyes into two groups, i.e.: (a) the natural 
oolorudug matters (iuinatto, turmeric, saflron, etc.), the acid coal-tar dyes, 
and the uon-sulphonated-azo-dyes, which all colour the,ether to a certain 
extent. (/3) The basic dyes and the sulphouatod-azo-dyes, which do not 
colour the other at all. The sulphonated-azo-dyes will be readily recognised 
by striking brilliant colours with acids, and the other dyes may be recog¬ 
nised by the ordinary methods. 

(9.) Dekeiion of Nitivka in Milk .—Pure milk contains no nitrate, 
hence the detection of nitrates in milk would be fair presumptive evidence 
of watering. A test recommended by J. Szilasi ‘ is as follows:—1 c.o. of 
a solution of di]jhenylainino sulphate is put into a small jrarcelain dish, 
and a few drops of milk are dropped in; if nitrates arc present, a blue 
colour will gradually appear. Soxblet tests milk fur nitrates as follows;— 
The milk is coagulated by a solution of calcic chloride free from nitrate, 
the serum is now treated w^th a solution of diphcuylamine in concentrated 
‘ Mepert. anal. Chmie, xxxiii, p. 212. 
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siilplmrio acid in the same way as with the ferrous sulpliate tost. The 
lutrate tost will be found of groat ntility in those cases in which an impure 
strongly nitrated well-wator lias boon added to milk, but with ordinary 
waters containing -01 gnu. and under of nitric anhydride per litre, tho 
test is not sufliciently delicate to bo of much utility. 

§ 161. (Soar Milk.—(iovemment Ixdioralnry Metlwil .—The analysis of 
tho milk is conducted by what is known as tho ‘maceration’ process, and 
the weight of the non-fatty solids and lat is independently ascertained in 
duplicate, whilst as a control the direct determination of tho total solids is 
made on a third portion of milk. Befoio proceeding with the analysis, the 
total contents of the bottle are transferred to a suitable vessel and 
thoroughly mixed by means of a wire whisk. 

From ton to twelve grammes of the sample are weighed out into flat- 
liottomod platinum, cajisules, each of which has been tared along with a 
short glass rod with flattened ends. 'The weighed portions are next 
neutralised with decinormal strontia solution, with phouolphthalciu as 
indicator. Decinormal soda auswci's tho purjwse ]iorfeetly well when tho 
degree of acidity is not greater than 10 c.c., n /10 solution for 10 grammes 
of milk, but above that amount it is of great advantage to use the strontia 
solution. 

The milk is then evajiorated over tho water bath until the residue 
attains tho consistency of dry cheese, and while so warm as to ensure that 
tho fat shall be still in the melted condition, 20 c.c. of dehydrated ether 
(specific gravity ’720) arc poured over the milk solids, which are then carefully 
stirred for some time with the glass rod. T’he ether containing the dissolved 
milk fat iS jiasscd through a Schleicher’s filter of 10 cm. diameter, which has 
jirevionsly been dried and weighed in a weighing bottle. The maceration 
of tho milk is continned with eight successive additions of 10 c.c. of ether, 
at Mibicli point it has l)cen found that the fat has been ^holly separated 
from the nou fatty solids. The filler-paper having its edges out down is 
well washed with Ixriling ether, and the fractions of tho filtor-pajrer are 
replaced in the weighing Imttleand dried at 100” C. Theincreasoof weight, 
which with careful work should not exceed a few milligrammes, is added to 
the weight of tho non-fatty solids. At tho conclusion of the maceration 
(n-ooess, tho nou fatty solids should be in a fine state of division, resembling 
the preoipitiitcd chalk of pharmacy. The capsules arc next dried overnight 
in tho water oven and the first weighing is taken in the morning. Usually 
the weight is constant by this time, as shown by the weighings taken 
'during the day. As from the conditions of tho analysis the anhydrous 
salts of sodium or strontium are present in tho dried solids, tho correction 
for the added alkali is in the proportion of '0022 gramme per 1 c.c. of n /10 
soda used and '0042 gramme for each c.c. of the strontia solution required. 

The other solution of the milk-fats contaiued in tared beakers is 
evaporated and the weight of the dried fat ascertained. 

In determining the nature and amount of the loss in non-fatty soliils 
consequent on keeping, the alcohol present is by far the most important 
item. When the milk sample under analysis measures 170 c.c., that is 
nearly 6 ounces (and it should not bo much less than this), 75 grammes of 
the milk can be spared for distillation, which is carried out in a glass still, 
with glass spiral condenser. 

The acidity of the milk having been previously ascertained, the portion 
for distillation is neutralised with soda up to^one-half of the totd aeid 
present. If nearly neutralised, ammonia may pass into the distillate and 
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BO vitiate the result. The first distillate, which usually coiitaius a little 
acid, is re-distillcd with the addition of 0'5 c.c. n/10 NaliO, and, after 
having been made up to original bulk, the specific gravity at 15-5° C. (60° F.) 
is taken iu a 50 gramme or in a 1000 grain weighing bottle. Supposing 
that the distillate gave a specific gravity of 999‘G7, or 0’33 less than 1000 
then this difiercucc multiplied by 1‘16 gives the amount of proof sjiirit by 
volume present in the milk. The product multiiibed by '842 ajuals the 
actual weight of anhydrous milk sugar which has been converted into 
alcohol. 

'I'ho correction for free volatile acid, reckoned as acetic acid, is ascertained 
as follows: — 

10 grammes of the milk are neutriilisod to the extent of ono-half the 
total acidity with u/10 NaHO, and a little phenol]dithaloin added. The 
mixture is then evaporated to dryness on a water ^)ath with frequent 
stirring, and after treatment with 20 c.c. of boiling distilled water so as to 
break uj) and thoroughly detiudi the milk solids from the capsule, a further 
addition of n/10 Mailt) is ra.ade, until the neutral iioint is reaelied. The 
difference between the original acidity of tlu! milk and that of the 
cvai)orated jiortion is regarded as imetic acid. The number of c.cs. of soda 
shown, when uiultiplicKl by ’425, gives the percentage of loss by weight 
not recovered in the change of milk sugar into alcoliol and thence into 
acetic acid. 

Examjde;— 

Acidity of milk, . . . 11 0 c.e. n/10 NaHD. 

„ „ evaporated jsirtiou, 9 2 „ „ ■. 


Diirerence, . . 2 4 


2'4 X '0255 = 061 per cent, by weight lost, 

or 

2-4 X-006 X 10 X •42.5 = -061 „ 


The loss arising from the change in the casein is very small. 

I'o estimate it, two grammes of the milk are made uji to 100 c.c. with 
distilled water and filtered to a clear solution. 10 c.c. of the filtrate 
increased to 50 c.c. by the iidditioii of distilled water are Nesslerised 
ag.ainst M’II,C1 solution, etpiivalent to '01 mgr. of NIlj in each c.c. As the 
Nessler colour produced iu presence of milk differs somewhat from that of 
pure saline ammonia, the bl.ank experiment is carried out with the addition 
of 10 c.c. of the filtrate from two grammes of new milk slightly acidified, 
and diluted to tlie same extent as tlie sour milk. The quantity of test 
ammonia rc(]uired varies between 0'6 c.c. and 4 c.c. 

In the case of a milk containing ammonia equal to 2'6 c.c. of the test 
solution, the loss of weight is calculated as follows;— 


or 


•00001 mgm. x 2'6 x 600 x 5^2 
2^0 X 052 
"2 


•067 per cent, casein 


•067 




It is evident that any other degree of dilution may be conveniently 
adopted according to circumstanecs, or the proportion of ammonia which 
might be indicated in the ffrilk. 
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According to the three iiistuiiccs given, llio loss of solids, or, in other 
words, the addition to he made to the iion-fivtty solids, is as follows:— 


Loss from alcohol, 

„ acetic aedd, . 

„ amuioiiia. 


Tutal 


•3'22 per cent, j 

•OGl „ I'45 per cent. 

•067 „ j 


'I’llK C‘IIKF InFLUKNORS WHIOII 'I'BND TO MoUIlV TIIR COMPOSITION OF 

Cows’ Mii.k. 

i) 162. Although for the purposes of the Sale of KoikI and Drugs Act the 
analyst will only liero(|uiro(l to dctorniino if the ‘solids not fat’ fall lielow 
S-D ]ier cent, the milk-fat helow li’O jior cent., and that the milk is of nornml 
composition ; yet most ehemiats will ho called upon from time to time to 
decide iiuestions with regard to the watering .and skimming of cows’ milk 
which have no connection with the Sale of Iffiod and Drugs Act. To these 
a few facts as to the causes of variations ohsorved in the composition of 
eows’ milk will be useful 

As hef(a-o stated, a marked distinction must Im drawn between the milk 
of individual eows and that from a mixed herd of eows. The milk of 
individual cows often varies greatly from the normal, ilichmond records 
the following e-Ttreme variations in ‘solids’ and ‘fat,’ the highest fat being 
from liamjister’s determination :— 

Fat. SollilH lint fat 

per cent. per cuhI*. 

Maximum, , , , , 12*62 10*60 

Minimum, . ♦ . , 1*04 4*90 

• 

The period of lactation, tho breed of cow, luid other circumstances 
naturally influence the composition of the milk of individual cows to a much 
greater extent than the milk from a mixed herd. Tho chief influences 
tending to modify the composition of cows’ milk are the following:— 

(1) Tho breed, (2) period of lactation, (.3) season of year, (4) conditions 
as to milking (morning and evening milking, foremilk, 8tri|ipings, etc.), 
(D) climate, (6) land, (7) feeding. 

(li Hread .—Table XVI Up. wili give a goisl idea of the considerable 
variation in the quality of the milk from cows of different breeds. 

llro'sl is now recognised as tho most important factor influencing tho 
quality of milk. 

As a rule, the richer the quality, the less the quantity of milk. Thus 
Jersey cows give a sm.all quantity of rich milk. Shorthorns a large quantity 
of medium quality milk. 

In this country tho nou pedigrec Shorthorn is the cow most usually 
kept for producing milk for ordinary oonsuirption, but many dairymen 
keep a few animals, such as Channel island cows, yielding a richer milk so 
as to enhance the quality of tho mixed milk. 

According to Mr. (leorgo Barham, in Scotland and the oastern counties 
—Ayrshires; in Norfolk and Suffolk—Rodpolcs; and in Ireland—Kerries 
are the cows commonly kept. 

Pure bred Dutch eows are not now found in England; it is true 
tliat there is a herd in Cheshire, and a few in either places, but the milk 
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U not Bold for ordhiory consul option. In Essex there are also a numhct 
of cross bred cows doiived from Jlutch and Shorthorns. 


TAliLK XVIII/.— Avkiiaoe CoMi'osmos of Milk of mfkhren i' liiuiEiis of CAri'LH. 




Toinl 

Per coiit. 

Milk-fat. 
P»*r will. 

■Solids 
not Vat. 
J*cr cent. 

AiUlioiity. 

Jerwy, , 


14-89 

,5-60 

9-23 

Vifth. 

. 


14-84 

4-78 

9-50 

Ji'incy Stak Sin. 

11 • • • 


14-(55 

5-13 

9*2-2 

IWl. 

„ . . . 


] 1 •f)4 

5-31 

9-33 

Ll<»y(i. 



ir.-to 

5-61 

9-79 

Am(‘ri<‘un Kxp. Slufion. 

GiKirusiiy, 


14-48 

5-02 

9*16 

.It-nsey SUto Exn. Stn. i 

tf 


14-irt 

5-10 

9-30 

ifcll. 



18-89 

477 

9-12 

Llevd. 



14-00 

5-12 

9-48 

American F'xp. Station. 

Welsh, . 


u-ir> 

4-91 

9-21 

Vii'tJi. ‘ 

J» • • • 

SlLSSf’X. . 


DtTjf) 

4'-l0 

9-ir. 

jii-ii. 


U 18 

4-87 

9-31 

Victh. 

Kcny, . 


]:I70 

4-73 

8-W 

Bell 

RiVl r.,11, ! 


13-ti8 

4-70 

8-98 


18-22 

4-34 

8-88 

Victh. 

♦ » ♦ • 

Ayi'shih', 


12-fl3 

18-40 

3- 63 

4- 24 

9-00 

9-22 

Lhivil. 

Bell. 

. 


13-28 

4*13 

9-15 

Lloyd. 

j> • • • 


l'J-70 

3-68 

9-02 

■lurscy Stale Exp. Sin. 

»» • • • 
Devon, . 


13-00 

3-f.7 

9-49 

Animcan Kxy. Station. 


13 77 

4-1.6 

9-6-2 

N. Dovon, 

Sliorlhurij, . 



3-43 

9*68 

Bill. 


12-90 

4-03 

8-87 

Vieth. 

»» • • 


12-15 

3-65 

8-80 

Jfi-soy Statj- Exp. Stii. 

it 


12-93 

8-111 

9-03 

Lloyd. 

M 


12-78 

3-93 

8-85 

Bell. 

I’fMliyi-eo Sliorthorn, 
DuUili, . 


12-86 

4-03 

8-83 

Vieth. 


12-40 

3-75 

8-65 

Boll. 

Ann'ripaii lluldonn'n^ 


ii-»i 

3-23 

8-68 

MeiHchmanii. 


13-03 

3-55 

9-08 

American Kxp. Sin. 

Jlolstrin, 

,, Frisian, . 
Montgomery, 


12-12 

3-51 

8-61 

Jei-Kcy Stiil-o Ez]). Sin. 


i3-3a 

3-46 

8-93 

Aincricau Exp. Station. 


13-61 

8-59 

9-02 

Vieth. 

(Sornian, 


12-25 

3-40 

8-85 

Flelschniunn. 


§163. Pcriixl of Larlation .—The periixi of lactation, mainly aticctiug 
the milk of individual cows, lias also to bo taken into .account in the con¬ 
sideration of the mixed milk of a herd. The greater number of cows calve 
in the spring and early summer, and to this fact the seasonal variations in 
the ipiality of milk are due. 

The cow after calving first yields ‘ colostrum ’ (see page 214); it is not 
usual to sell any milk yielded on the first four days after calving. The 
milk for the remainder of the first week is usually rich in fat, the quality 
then drojis rapidly to a minimum during the second week, the quality then 
improves until about the week before lirying up, when it rapidly drops both 
in quantity and quality. 

According to Kiilme the casein and muieral matter increase with the 
fat, while the milk sugar diminishes. Richmond observes that the majority 
of abnormal milks are obtained from cows which are getting dry. 

SeMonal Variafione .—The period of calving and the difierence of food at 
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different seasons of the year account for seasonal variations in the quality 
of the milk. Kiohmond summarises these differences !is follows:— 

(1) November, Dcecinhcr, .lanuary, milk rich in fat and ‘ solids not fat.’ 

(2) Fehruary, March, and April, fat less in quantity, but ‘solids not 
fat’ about the same as during the three previous mouths. 

(3) May, .Tune, July, and August, the fat is low, with a tendency to 
rise at the end of the period. In July and August ‘solids not fat’are 
below the average. 

(4) September and October, an improvement both in fat and in solids 
not fat is noticeable. 

CoruUiionn as to MUldng.—hx Holland, where cows lu-e milked three 
times a day at regular intervals, the quality of the three milkings is about 
the same, but whore cows are milked at irregular intervals the ipiality of 
the milk geuortilly (yffers. In this country, cows are milked twico a day, 
and there is a difference hetween the morning and the evening milk; the 
evening milk containing, as a rule, from '2 to '4 per cent, more fat than 
the morning milk, 'rho ‘solids not fat’ do not appear to bo affected. A 
numlssr of tables proving this will 1 k) found in the Up\torl of the Dn/iart- 
mental. Committee on MUh and Cream llegulations, 1901. 

'I'ho difference of foremilk and strippings has already been noticed (sec p. 
200). A f.air sample of milk is only obtained if the eow is milked dry. The 
composition of milk may bo modilied by the cow ‘holding up its milk,’ owing to 
a strange milker, novel surroundings, or nervousness from some cause or other. 

Climate.—An excessively dry summer is liable to cause milk to bo poor 
in ‘.<olids not fat.’ The. average of nearly 100 determinations made at the 
WisconsiiffOreamery during a |)rotraoted drought in 189.') gave but a trifle 
over S’l") per cent, of ‘solids not fat.’^ Although the effect of drought on 
the lunount of fat is not yet decided, the tendency would seem to raise 
the percenfcigo. 

An excessively wet season tends to render milk of jioor ijuJdity: excessive 
heat or cold also affects the quality of the milk. 

Amid.—(low's kept on certain laud would appear to yield a poor milk. 
This evidently is duo to the ipiality of the fisid raised on the land. 

Si 104. Feedimi. —The effect of feeding is a matter on which there is 
much doubt and discussion. The evidence points strongly to the view that 
decreasing or increasing the food of a healthy cow for a limited time has no 
clfect on the quality or quantity of ‘he milk, the first effect of poor feeding 
being rather to decrease the weight of the animal than to alter the milk. 

On the other hand, high or low feeding carried on for a length of time 
affects (he milk. Lawes and Gilbert have shown that high nitrogenous 
feeding increases both the yield and richness of the milk. 

The milk of half-starved cows is, as might ho expected, of poor quality. 
J. Campbell Brown’* and J. Carter Bell ’ give sonio interesting analyses of 
the milk from half-starved cows. Bell’s average for lialf-starved cows being 
1T42 per cent, total solids, fat 2'87 percent., and solids not fat 8‘5.5 per cent. 

§ 16b. The colouring and the alkaloidal and active principles of plants 
impart their distinctive properties somewhat readily to milk. Thus it has 
long been noticed that .browsing on certain plants affects the colour of 
milk: Caltha palustris, saffron, and rhubarb colour it yellow; rhubarb, 
opuntia, and RnUa iindorlum, red; Mgosotis palmtris, polygonum, and 
Anehiisa eqtiisetmn, blue. Purgative vegetables, such as rhubarb, or even 

' Leifmann and Beam, Select hl^dusU of Anatysie, 190J, 19?. 

“ Chemical Neu)«,.xxxi., 226. ’ Analyst, 1881, 63. 
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the juices of acid fruits, taken by a suckling woman almost invariably affect 
the infant. Tliero arc iustancca of milk becoming poisonous from contain¬ 
ing the active principles of plants. In .June 1876 an epidemic of diarrhcoii 
occiUTcd in the Uhonc Gorge, .and was traced to goats’ milk, the goats 
having browsed in Holds where the meadow saffron wsusgrowing. Professor 
Italti isolated colchicine from the milk. Similar outbreaks, caused by the 
animals having fed on poisonous slu'ubs, have been recorded iu the Western 
States of America awl Australia. 

S 166. Jixperiments have been made with the object of ascertaining 
whether mcbdlic comiKuiuds would bo excreted by milk. Ai’seiiic pisses 
readily enough in minute quantities, and the same may Iss s.aid of lead and 
oxide of sine. Antimony also, if administered, upjiears iu the milk. The 
statements with reganl to mercury are conllicting, but the balance of evi¬ 
dence leads, on the whole, to the conclusion that it is yet excreted, even in 
minute quantities, by the mammary glands. Bismuth, when adiuiuistored, 
was detected in milk by JIarchand, Lew.ald, (Iievallicr, and Henry. Lewald 
gave 10 gi’ms. of jKitassium iodide to a cow. and its presence for four days 
afterwards was detected in the milk; 21 grins, were then given, and the 
drug could be detected so long as seventy-two hours afterwaids. On 
administering it again, it was found iu the milk for eleven days. 

THK QUANTITY OF MILK OIVKN BY THE COW, 

THE METHOD OK FEEDING, kto. 

S; 167. The cajiacity for milk of the udder of the cow is usually estimated 
at alsait 3 litres f‘66 of a gallon, or a little more th.an .6 pints |. The ipiantity 
of milk socivtisl is about three times this amount, hut varying in individual 
cows, and depending on circumstances, such as the breed, the health, the 
size of the cow, the time after parturition, and the nature luid quantity of 
the food given. 

S 168. The breeds in England most approved of arc the Alderney, 
Ayrshire, Iloldeniess, Kerry, and Suffolk. In Germany, the Swiss, 
Allgiiuer, and Dutch cows appear to be the favourites. Some careful 
estimates of the amount yielded by different breeds of Continental cows 
have been published as follows:— 


TAliLE xville.— Avkkaof. Yiei.ii or Mn,K,* 



IJtreB jfcr 
year. 

Galiong i>er 
year. 

Average 
ytcMTn 
gnlloDs 
per day. 

AnsliaoluT,. 

1284 

2S3'07 

•77 

Mitr/tlialcr. 

1500 

330-70 

•90 

VoigtlaiMler. 

1600 

3f,2'7fi 

•95 

Siiiuueiitlialer^ .... 

1690 

372-59 

1-01 

Saxony,. 

Walztlmler,. 

2023 

446'01 

1-22 

2272 

500-tfO 

1-36 

I’inz^auer,. 

2338 

515-4.5 

1-40 

Swiss,. 

2025 

.'■>78'70 

1*60 

Allgiilier-Moiitafuiii'r, 

2697 

.591-60 

1-62 

All^iuer. 

2710 

697-47 

T62 

OlJeiiburger,. 

27.61 

606-51 

1-66 

Dutch. 

2906 

640-68 

1-74 

* Abl» CmtfrBLf. Jgric. Chenkic^ 1877, 236. 
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These breeds, then, are not snperior to our own. The favourite cow of 
the Loudon d.airyiuen appears to Ih: tlio Vorkshire cow, essentially a short- 
hoiTj. The .avorasc yearly yield is from 600 to 700 f'als,, 15 of those cows 
giving aliout 10,000 gals, of milk yearly, or 1'7 g.al. [wr day; individual 
cows, of eourso, occasionally exceed this. A cow li.as been known to give 
daily for some time as rimch as 0 gals, of milk. 

The time elapsing before and after e.alvmg causes, as might be expected, 
considerable variation in the mammary secretion, the ipiantity augmenting 
during the first two or three weeks, and diminishing towanls the end of 
the third or fourth month. Towards the seventh month the ([uantity sinks 
to one-half, and in the ninth and tenth months it is often reduecd to three- 
(piartcra of the (piantity secreted at first. On the approach of calving, the 
milk ceases altogether. 

The age of tlie animal has some influence, very young cows secreting 
leas than mature adalt cows. It is also found that, caitn'ix puritms, the 
larger the cow the greater the yield of milk. Mr. Ockle of Frankenfeld 
took four Dutch milking cows, two weighed 2112 lbs., and two others only 
15.‘i7 lbs.; he fed them on the same food, .and snbitdtted them to similar 
conditions for sixteen days The results of this exjierinnmt are embodied 
in the following table':— 


No. 

Woieh(i dt com- 
nii-iiu4.‘iuei>t of 
expi'rimeiit. 

Weight ot Green Lucerno ItotlMcc 
end. ooiisuined. of tnlllc. 


lbs 

lbs. 

llw. 11». 

Two Iieiivy «owr, 

2112 

2102 

4921 68 

T^vo ligiit „ 

. 1587 

1037 

Produce In milk 

3809 48 

Jiticcrnc cunsnined 

• 


per KiO 11)8, 
(IiT'en hucun«*. 
gidls. pints, u/a. 

pt'r lou l)». 
live weight. 

Two lieavy cowv, 

• . * 

. 1 3 16 

14’6 lbs. 

Two . 

. 

. 1 11 16 

18-0 lbs. 


,S 1C9. The feeding of ndlking-eows varies somewhat accoixling to local 
circumstances. In town didries brewers’ grains are much in use, and one 
to two bushels are given daily, besides mangolds, hay, and meal to each 
cow. A very common course of home-feeding is as follows—At 4 a.m. 
the cow receives two or three pecks of grass, immediately after being 
milked, then 4 to 6 lbs. of hay; at 9 a.m., from 20 to 25 lljs. of chopped 
mangolds, and another 3 to 4 lbs of hay; at 1 p.m. there is a second 
milking; another similar feed follows, and she is given plenty of water. If 
oil cake is used, 3 to 4 lbs. a day are given either with the mangolds or in 
a gruel with the grain. In this country the chief dependence is placed on 
hiiy, mangolds, barley meal, and bean or Indian flour; in the summer 
abundance of green food is given, such as clover, vetches, cabbage, eta 

The Miuk Secreted dt the Unhealthy. 

§ 170. The result of the analyses and cases .hortly to be quoted shows, 
—(1) That in tho case of the cow, in certain diseases only, the milk con¬ 
stantly deviates from th? normal standard; (2) that the most marked 
clianges are found in local diseam of the ^der or mammarj/ glands -, 
(3) that the animal may be labouring under a most mortal and virulent 

> “ On Milk,” by Dr. A. Voelcker, Joivm. B. AgrieuU. Soc., ixiv., 1883. 

• T. Carrington: Jiiiim. Jt. Agrimlt. Soc., x)rxix.^l878, p. 670. 
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malady, and yet eeoreto milk wliicli, although differing from the same milk 
secreted by the same animal when in health, yet, considered in itself, in 
no way ehanieally differs from hcivlthy milk; (4) that it is only by 
biological methods of cxiicrimeut that such disciised milk can he detected. 
Tlicse remarks .apply only to the romjmition of the milk; hut if wo also 
regard the (/wmtitii secreted, then there is in all Ciiscs a remarkable 
difference, for whenever an animal suffers from a siitBcicnt amount of 
disease to affect its health materially, the diminution in the total ([uautity 
of milk is almost invariable. 


I. Human Milk. 


§ 171. With regard to the milk socroted by women in various maladU's, 
the same remarks ajiply only to a certain extent; for the human mammary 
Bocretioii is so dependent on menial influences, that itji coiuposition appears 
readily affected. Vogel gives the following analysis of milk derived from 
a woman suffering from hysteria, the sample being taken dirn tly after the 


attack:— 

I'crcent. 

Milk-fat,. "tU 

Casein,.BnOO 

Sugar,. 

Ash.1-010 

Water,. 89-984 

Specific gravity.1 -03-2 


Deveux * found the milk of a woman who suffered from nervous attacks, 
when taken in the seizure, to be a t i-ansparent viscid secretion like albumen. 
J. K. .Simon “ examined the milk of a womau who w-as suffei-iug from the 
effects of passion. The secretion was aiiparently the cause of violent coii- 
Tulsious and diarrbooa in an infant. I'he milk was ttcid, and hud acquired 
a peculiar odour, and after a little time doveloixsd hydrogen sulphide; or, 
in other words, the milk had commenced to undergo lactic acid and 
putrefactive changes in the breast itself. Ijocal affections of the breast, as 
might bo anticipated, interfere with the healthy action of the milk-producing 
cclk For example, Schlossherger gives the following as the composition 
of a sample of milk taken from a woman whoso breast was considerably 
eulargerl; the fluid was white and thick, and without odour, speciffc 


gravity, '98 to -99 at IB” C.:— 

Fctcent. 

Pttlty matter,.8-.’ll 

Lucline and extractives.-75 

Casein,.8-74 

Ash.*41 

The fat fnsed at 3.3° and solidified at *3(1°. 


II. Cows’ Milk. 

§ 172. Aphthous Fever .—One of the few affections in which it is possible 
fur the investigator to discover an abnormal condition of the milk, and oven 
from the appearance of the fluid to know what particular malady the cow is 
sufforing from, is fuot-awl-moxdli disease, or aphthous fever. This is a febrile, 
highly infectious disease, which has caused at certain times great ravages 

’ Crsli’s Chvmiseke Annalen, vol. i., p. 369. 

® J. K. Simott|p “ Animal Cliemistry,'’ 8yd. Soo., 11, 68. 
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among our herds; its most obvious signs are ulcers on the month, feet, 
and teats. Unless the fever is high, tlie milk is secreted during the whole 
course of the disease. It presents dilTcrent (one might almost sjvy, opposite) 
appearances in difl'oront ciises; in those wliere there arc ulcers on the teat, 
either externally or just inside, the pus from these uleers mixes with the 
milk, and the analyst iinds a high fatty residue, from which cholestcrin, 
nuclein, lecithin, and milk-fat may ho seiiarated. If, on the contrary, 
there are no ulcers and no local att'ection of the udder, the milk in the 
more severe cases may be deficient in solids, and especially in milk-fat; 
nor dues it recover its normal composition until about the seventh and 
eighth days, when the cow begins to improve. 

A special micro-organism is, accoi-cling to Klcin,i always to be found 
associated with aphthous fever; it is a microc(X!cus, which either ocenrs 
singly, as dumb bells or as streptococci; the chains of the strcptocoecus 
sometimes grow to a cousiderivWo length. The individual elements of the 
diplococci and streptococci are spherical, and have an average measurement 
of ‘0006 to ’0008 mm. The micro organism is readily cultivated in nutrient 
gelatin, agar-agar, or broth; it grows slowly in sterilised milk, the milk 
remaining fluid. Milk, according to Klein, preserves the micro-organism 
in a wonderful maimer; infected milk kept mouths in tubes still yielded 
succc8.sful oultuvcs. If the local aifectiou is at all severe, blood-cells, and 
occasionally a eousidorable quantity of blood, may be found in such milk. 

The following Table (XlXrt.) (over) gives the composition of milk obtained 
from cows suH'ering from various diseases. 

(1.) Mimniitin. —This disease, as its name implies, signifies an acute 
inflammation of the niammai. Theoretically, milk secreted by an inflamed 
organ shinild be altered much in (piality; but, in the case of a heifer 
sniforiug from this disease, milk taken the second day after calving did 
not apjioar to dilfer essentially, either in microscopical appcaninees or in 
ohelnical composition, from normal milk. 

(2.) Piir/iiriml Apoplexij. —TIroa was absent; there v?as much lacto- 
chrome. No abnormal elements detected by a microscopical examination. 

(3.) Pnemmmia. —This is the only mUk in which the writer found an 
estimahle quantity of ciiolesterin. The micioscopical results were negative. 

(4.) Tulierelf ..—The whole quantity of the fluid did not exceed 70 c.o. 
It was of a dirty amber colour, with the casein partially separating. 

This is jihthisioal milk in its most intense form, and one never likely to 
be found in commerce, but admi.\tiiro of such a fluid with genuine milk is 
possible. See pp. 254-2.')7. 

It is ossentislly an albutiiinous senim, containing urea, common salt, 
and just suflicient casein and milk-sugar to show its origin from a much- 
diseased milk gland. 

(6.) Hetrnlum ofFaital Memhrane. —The milk was pink in colour, and 
contained about a twentieth of its bulk in blood; it was perfectly fresh 
when examined, but rapidly putrefied. The blood was HOi»arated by 
subsidence as much as possible. The reaction was feebly acid. 

(6.) Typhm.—The milk of cows suffeung from typhus has been 
analysed by Hiisson,® who states that from the commencement of the 
malady, the azotised principles augment, and that there are often found 
bloody and purulent fluids admixed. The analysis given is an average 

I Fifteenth Annual Hep. Lae. Qm. Bd., supplement containing reimrtof Med. Officer 
for 1885, 

® Compies Itemluf, t Ixiiii., 1871, p. 1889. , 



TABLE XlXnr.— Milk of Unhealthy Cows. 






§ 173.] THE MILK SEORETED BY THE UNHEALTHY. 253 

sample of milk from cows sufferiu}' from a not too severe form of 
typhus. 

§ 173. Tim Propagation of Discane through Milk. —Modem researches 
on zymotic diseases have for long l«!on converging to the one conclusion, 
that those diseases are all produced by germs; and that, cuusccpiently, 
such diseases are only special forms of fermentation or putrefaction in 
living tissues, the diseuse-zyniads growing and multiplying at the o.\ponse 
of the tissues. 

Now, if the composition of milk and of the tissues be compared, it will 
be seen that milk, although physically a fluid, yet resembles in its 
chemistry a tissue, and contains all that is necessary for the noiulshment 
and growth of a zyniiid. Hence it is, that if a scarlet-fevor zymad, or a 
typhoid zymad, fall into milk, for all practical purposes it is immersed in a 
tissue; and cultivation c-vpariiiients have shown that milk is an c.\cullunt 
medium or soil for tlie multiplication at suitable temperatures of patho¬ 
genic micr(M)rganisms. 

The Itiilaliim of Milk to Srarlaliiia —In December, 1HH5, an outbreak 
of scarlatina, traced by the senior author to a particular milk supply, was 
very fully investigated by the Loc. Gov. Board,' and it was proved as clearly 
as such a matter is capable of proof, that the milk was not infected by any 
human agency, but that the cows were at the time suflbring from a general 
feverish disorder, the chief external evidence of which was vesicles on the 
teats and udder rapidly passing into ulcers. The disease is readily pro- 
pag.ated by inoculation among calves, and the pathological signs are in 
many respects strikingly similar to those of human scarlatina. 

Accoiiiing to Dr. Klein’s researches the malady is intimately connected 
with the multiplication and growth of a micro-organism, which probably 
gains access to the milk with the discharges from the diseased teats, 'i'ho 
mii ru-orgauism consists of spherical micrococci, arranged as diplocooci, and 
as .'horter and longer, straiglit, wavy, or curved chains-* streptococcus— 
the latter sometimes of great length (see Plate, fig. 1). When inoculated 
into gelatin the growth is slow (see Plato, fig. 2), at the end of a fortnight 
the streak of inoculation showing up as a white line, made up of smaller 
and larger droplets. It does not liquefy the gelatin: it is very similar In 
appearance and manner of growth to the streptococcus of foot-and-mouth 
disease, but Dr. Klein thinks the two may Ix) readily distinguished by their 
action on milk, the foot-and-mouth micro-organism causing no apparent 
change in sterilised milk; the scarlatinal streptococcus, on the other hand, 
turning it after two days’ incubation into a solid muss A similar organism 
has been isolated by Dr. Klein from the blood of persons sufiering from 
human scarlatina. 

Drs. Jamieson and Edington® have also investigated scarlatina by 
biological methods. Dr. I'ilington h.is (cultivated the blood drawn from 
the finger at different dates, and idso tijc epithelial scales thrown off from 
the skin, taking all possible precautions to avoid aerial contamination. By 
cultivating a drop of the bbod in Koch’s jelly, diffusing a minute quantity 
of this culture through a large body of distilled, sterilised water, and then 
cultivating drops of this water, the various organisms in the blood were 
isolated; and from the isolated colonies, pure cultures made; lastly, their 
effect on animals was ascertained by inoculation. 

' Piftemlh Annual Meport Loe. Oov. Board contaiuing Reiiert of Med. Officer for 
1885. 

’I BrU, Med, Journal, June II, 1837. 
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The organism, which was invariably found in the blood of patients 
during the first three days of the fever, and in the desquamation after the 
twenty-first day, is described under the name of the Badllus scarlatims 
(see Plate, fig. 3). It is in the form of motile rods measuring ‘i ft in 
thickness, and 1’2 to 1'4 /i in length, generally forming very long 
jointed and curved leptothrix filaments; it liquefies the jolly (see Plate, 
fig. 4). Infected into broth and incubated its growth is very rapid, and 
a coherent, parchment-like film, which is not easily broken, is formed on 
the surface; later the film becomes deeply wrinkled. 

A calf inoculated with a culture, and also given some in milk to drink, 
developed fever in six hours, and died within twenty-four. The patho¬ 
logical appearances were those found in the human subject in rapid cases 
of scarlatina with early death. A second calf was inoculated with a pure 
culture, and developed fever within twelve hours, and there was a vivid 
rash followed by desquamatimi; the tlumt was severely atfeoted. In six 
days the temperature was normal. When guinea-pigs and rabbits were 
submitted to inoculation from cultures, very similar results wore obtamed. 

Other organisms isolated from milk, giving either negative or iusiguifioant 
results, were Sarcina lutea, three forms of micrococci, and three of bacilli, 
to which provisional names have been assigned. 

The essential diflerenco between Edington’s and Klein’s researches is, 
that Edington has concentrated his attention on human scarlatina—Klein 
on a disease of the cow. Both agree that scarlatina is communicable from 
the cow to man, and they agree also that milk is an excellent medium for the 
growth of Scarlatinal eontagium-, but Klein identifies the cause of the 
disease as a micrococcus, Edington as a bacillus. ' 

With regard to the cultivating powers of milk, Edington remarks: “ If 
desquamation be placed in milk kept at a gentle heat for twenty-foim hours, 
the bacilli can be recognised by their motility and the pellicle which they 
soon form. Thus it is evident that, if milk be taken as food containing 
infective desquamation, the spores will have a perfect nidus and suitable 
temperature afforded them for development.” 

More recently! Dr. Mervyn Gordon has investigated the intimate 
pathology of scarlatina. He has shewn that a fatal result in this disease 
is to be attributed to invasion of the blood and organs by streptococcus. 
He further has come to the interesting oonclnsipa that the infectious 
malady scarlatina is to be referred to Stnptocoeeuf gearlatince, whereas the 
dangerous phases of the disease frequently result from supplementary 
invasion of the blood and tissues of the patient by Streptococciu pyogenes. 

The Rdaiion of MUk to Phthisis a»id! TuhereuLar Maladies .—Villenin * 
was one of the first to attempt to ascertain, by direct, experiment, whether 
tubercle was transmissible or not. He inbcplated the rabbit, the sheep, 
the dog, and the oat with human tuberculous matter, always in very smim 
quantities, with more or less success. The experiments of Villenin were 
repeated, with infinite variation, bj^ most of Gie leading pathologists of' 
Europe; but their deductions were quite different from Gigse of Wlenin, 
for, on putting various substances (o&er than tubeictdouk matter) in the 
BuWtaneouS tissue of guinea-pigs, they produced a febrile disorder, and 
found after death products which, they declared, were not to be dis¬ 
tinguished &oia tubercla Hence, tuberculoris was considered for a bng 
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time as due to a meohanioal irritation, chiefly set up in the delicate cell 
lining the lymphatic channels. While animals alone were the subject o 
the French, German, and English experimenters, a doctor in Greece- 
Zallonis of Syra—actually inoculated the human subject—a man affected 
with gangrene of the foot—with tuberculous sputa. In thirty-eight days 
the man died with unmistakable tuberculous signs, which an autopsy 
confirmed. The opinion * that the introduction into the tissues of a great 
variety of foreign matters will cause this malady is not now held, 
there having been of late years some most valuable experiments on the 
subject, more esjwoially those by Bollinger, Cohnhoim,® and Koch. 

The most striking of Cohnheim’s experiments were those in which he 
introduced tuberculous matter into the anterior chamber of the eyes of 
kittens; the animals generally became infected after a well-marked period 
of incubation of froin fourteen to twenty-one days. Cohnheim, amociated 
with Solomons, has also proved the possibility of aerial infection, having 
produced the disease in animals by causing them to inhale tuberculous 
dust. The pathological changes thus produced they compared side by 
side with those produced by mere irritants, whether breathed or introduced 
into the system by other channels; and they declare, as the result of such 
comparison, that the products of the latter are entirely diff'ereut, and not 
to be confounded with tuborole. Direct experiments with the milk from 
tubercular cows have been made by Gerlach, Klebs, Bollinger, Sidney 
Martin, and Sims Woodhead and others. Gerlach fed two calves, two pigs, 
one sheep, and two rabbits for three weeks with the unboiled milk of a 
phthisical cow; the whole of the animals became affected with tubercular 
disease. ‘Klebs made a similar successful experiment with nine guinea-pigs. 
The accidental infection of a large St. Bernard dog, which, having come 
across the milk designed for one of the experiments, drank it, and became 
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lung disease, and which a poBt-’iiiortem examination showed to have suffered 
from phthisis. This experiment was negative. The pigs enjoyed good 
health, and on being killed proved to have all their organs in a sound 
condition, with the single exception of some slight infiltration of the glands 
of the neck in the case of one. In a second experiment, the milk of a 
highly tuberculous cow was given for ten weeks to four healthy young 
pigs three weeks old. During this time a general enlargement of the 
lymphatic glands of the neck was observed; at the end of four and five 
months the animals were killed, when tubercular infiltiatiou of the lungs, 
liver, spleen, etc., was fully established. Another experiment was made 
on a young pig, M with the same jmilk for fourteen days. On killing the 
anim^ three weeks afterwards, there was found cheesy inflammation (rf 
the large intestine, an exquisite miliary infiltration of the lungs, and a 
slight cheesy deposit in the bronchial glands. The milk in all the above 
experiments had been given unboiled. In Mother experiment, however, 
in which rix pigs were taken, four were fed with the milk of the same cow 
{two with the unboiled milk, two with the boiled milk), and two were fed 
on ordinary diet to control the experiment. After a few months the last 

* “The Transmiseibilire of TaberouIosB,” by 0. Fleming, Med. Chir. Smitw, Oct, 
1874. 

* "Die Taberooloemi vom Stendpankte der Infedteulehre,’’ von J. Oohnheim. / 

teipdg, 1880. , . 
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.««« beMtBjr J tbe two fed cm tmboUed milk b^Iy tuberculous 1 om 
^ the pigs fed on the boded milk, on being killed,-was found perfect 
itneidthy; the other, killed a little later, was tubm:ouloas.i 
f. On the other side, there are numerous faUures, and many obserTem 
have (ailed to propagate the disease. S. Perronoito, of Turin, records the 
'case of a whole family (consisting of a man, his wife, and two children) 
drinking for eight days the'milk of a oow most decidedly tuberculous, as 
{»oTed by an autopsy; and yet they remiuned well. Negative results 
however, of litue value, unless extremely numerous. U the disease 
can be propagated by milk, it does not necessarily follow that every 
animal experimented upon will become infected; to there are numbers of 
faots proving that some human beings and some animals have a great 
reristing power, and do not, with any readiness, take such diseases. It 
has hitherto h&sn almost univeaually taught that bovjpe tuberciiloeis has 
nothing essentially different in its course or pathology from human tuber- 
ouksis. This view has, however, been contested, Dr. Charles Creightoi, 
in a very able paper,^ giving a series of cases (ei^t in number) in which 
.he contends that there was more anali^y to ‘'PerlmMy bovine tuber¬ 
culosis,” than to human, and moreover, that this form is a distinct tom, 
quite as distinot as glanders—the salient points in the oases cited being, 
(1.) Ike occurrence of tumour-hke embolic infarcts in the luu^ (|t,) the 
imjdioation of the bronohiai, or of the mesenterio and portm lyt^hatic 
iglimds; (3.) the characters of the eruption in the serous mwbraaee, and 
.'ite relative frequeiu^; (4.) the mioroeoopic appearances ; ^^the .elements 
of oheourity in the oases viewed as oaMi of ordinary or tiutoehthonoas 
tuberoalosis. *■ 

The experiments of Dr. Sidney Martin, carried out^W'^the Boy& 
Conuniseion on Tnheroulosia, 1900, all tended to show that the low’eif 
animals were very suso^tiblo to bovine tuberoulosis, and to a lesa 
degree to human tuberculosis. His- experiments were tetrried out upon, 
guinea-pto rabbits, pigs, and calves, the tuhoculous nulk and orirer 
matter eiwer being mix^ with the food of the animal ot else administered 
by fuhoutaneoiui or intra-peritoneal injection. The leriilt of - hia experi- 
toeDis waa not absolutely oonclusive, as he himself eays, "It.is evi^t 
.that in the case of tuberoulpUB sputum we are deeding with material vriiioh 
»leea infective to oalves than bovine tuberculous material.” StiH further 
doubt hae bees thrown on the idmrtiiy of bovine and human tubezculosia 

Dr.'Robert Koch, the discoverer of the tubercle baoillua,* who in hie 
Sddrtes to the British Congress'on Tubercukisis, 1901, stated that he had 
eome te the oonohision (1) Thai human tubereulom Hfftn from bovme, and 
cannot be tranmUtei to cattle-, (2) tbat.}^e suaoeptthSity at man to 
^vine tuberinikeu is not aheblutely derided)- -hut if siioh fusoepttbjlity 
'teaOy existi^ the infeotion of faiiio^‘brings .is but ' * vecy .itAe" 

Dr.. Soeb'i ^duiiona were ohie^ baaed .tN foQleritrig ' 

(1.). Cattle free tom tobetrie ware intoted te. rimiotri Pllte 

Itedtaree of tedml* trikea tote -easee 
^iiriee of tuberris wee eteerved te tlM. oatite during 

rite, te ei{^ Btett|to ri|to mtolioa ’ . .. -v.- - 
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Ij'jc;. jv, —A photof!;rii]>]i ’ of a niaHH f<»u»<J in tin* milk of Cow with tuborculons 
diwasi* of tlip Ufidor, x7f»0 diuniotors. Tin* masH ik coiiijwsfMl of uiiiorplious matt«*r, a 
fi*w di*^{(*neratiuf? cells with nuclei still intact, and very numerous tuheivlo bacilli, most 
of which 8how<Hl llie ciiaract'‘ri8tic beading very well Beodeii tuhoir.le bacilli are fro* 
quently met witli iti tuberculous milk side by side with the uiibeadwl nsls seen in tuber* 
c’.iiou8 lesions. 



Fm. B.—A photograph^ of a section of a lynqihatic gland showing very early tuber* 
cnlosis, X 35 diametoi's. The gland was the right su]>raiiianimai-v gland of a C<iW, 
and showed no naked-eye tubercle. At one |sirt of the figure to the left the idaiid stnic- 
ture api>ear8 condenaea, and at this snot tubercle l>acilU were found. The figure Is 
int<*ndea to demonstrate that tuberculosis of a lymph gland may l>e ]»n‘w»nt when unde- 
timetable by the naked eye. ^ 

^ from Iieport,q/'Jiopfil Oommisnion &n TuhfreulostX 1806. 
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Tlll)KllCl.li Haoiii.i in Mu.k. and TDBEKCUI.osIs 01 / lAMl'H Ol.AM) 



1^1,!, _Si'otioii nf tuln‘i'riilai iitidf!' Iwim a Oow,* sla^^f^htt‘I■B(l at Caniilcn Tuwti, 

till' mlrtHi- ol wliifli is ii»» at tlif iniiseuiii ol' tlic Riiyal Votcriimiy Cnlli-gp. Tliis section 
was iii i.ic througli a mrt of the iiihlcr in which the tnliereular process was well advanced. 
The nuclei still slain distinctly, hut Isitwisoi them there is a homogeneou.s-looking mass m 
which tiihcrcle liacilli ate scattered in consideiahle numlKirs. Some of the nuclei m tins 
sissnmcn are evidently disintegrating and undergoing degenerative and atrophic chanjw 
whilst at one or two iwints the liaeilli apjie.n lo bo actually within the degenerating cells. 
( X 700.) 

I Ktohi H/’poi't of Hoy/tf Cotnvti^/o/i on Tnhofcotosto, 189.). 
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^ (ij' Tift re&t TO ^ MTaH» when puw‘ 
from ioeme tuiereuloeit were uaed.' _ 

(3.) Similar resulta were obtained, showing a differenioo b etayn ^ 

human and bovine tuberauloBis, when experiments we» made on wwiu^ 
asses, sheep, and goats. _ 

(4.) That infeot^ food is the cause of tuberouloma can only be assun*^ 
when jaimaiy tuberoulosis of the intestine is found. Kooh mamtawK 
that primary tuberculosis of the intestine is extremely rate in spite of 
enormous amount of tuberculous milk, meat, and butter that is oonsum^-S 
Koch’s conclusions have been hotly contested by many patholmptd^ 
wliose opinion must be regarded as of equal value to bis own, and ^i|K 
whole question is at present und« investigation in England by a Boyai\ 
Commission appointed in August, 1901. . >t 

Detection of the Baetilue of Bovine Tubereulons m itfilfe—fflmost. 
satisfactorily done 4»y injecting the suspected milk into susceptible anim^^ 
Only in very few cases can it be found by microsoopioal examination. F« 
as Klein points out, not only may the tubercle bacillus be missed when rt. 
is present, but also it may bo thought to be present when absent, for milk 
often contains ba^li which simulate with regard to staining power me- 
true tubercle bacillus. If, however, a microscopical examination is made, 
the heat method is to whirl 10 c.c. of the milk in a sterile^ tube, the oreani| 
and upper portion of tl»e milk is remoTed, leaving a deposit at the bottom; 
of the tube. Thin cover slip preparations are made from this dep 08 Kj| 
these are dried, flamed, placed in acisolute alcohol for a few minut^ tM 
fat removed ly washing iu ether, the ether removed by aloMW, sad; 
finally ^ey arc stained by the Ziehl-Neelsen method.* Tlw sliaea TO; 
then carefully examined. According to Takes,* the following may to 
observed: (1) Tubercle baoilU may be present. (2) No tubarcle baoillv 
but (o) a fairly large number of some other baoterimHj or (b) a gre^ 
excess of leucocytes, often amounting to pus, or (e) a coSsideral^ amount 
• of vegetable matter and d4biia (8) Nothing bnt a f^ leucocyte 
"'he same author has examined many milks containing a large number 
I streptoooooi in the deposili, and he is inclined to think that str^tooo^ 
nteritis in children may be caused by such milk. The presence m * 
irge number of leucocytes may disguise the presence of tubercle bacuu,; 
nd must be looked upon with suspicion, 

§ 174. Cholera, Typhoid, and any waterborne disease may be eontrac^ 
hroiKh drinking milk which has become qontaminated with the 
irganisms of these diseasos. The attempt to ieokte the gfeoifio ba^ 
m^lw mads.in the same manner m if dMdkg witii a oontamwated waTO 

MoiUitt law been loimd 1o mUk, thcroA so do^ that dtphtoi^ 
Mi bf ffl oiflit ffi bf iptttiifpiatcd sdfic* " * J 

Dm tsftUlhB may- sametimea. be'- dt^oo»^. by whi^ • 
jOtrtHn iA j»a,,ntiHti and eiflwr ,^hing ooveesHp prepami ^ 
iedfinsBt,OT*isfiiiKiei«kttoggeedhapisM^ se^.wi* 

^aStiss ef #a ssdh^ taking csxu tM 
iqwatoly ^ 
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must bo examined. The bacilli should be stained by Gram’s method, and 
counterstained with cosin. Curtis' calls attention to the fact that 
epidemics of acute follicular tonsillitis sometimes occur, apparently de¬ 
pendent on the presence of largo munbers of strepto- and staphylo-cocci 
in the milk. 

§176. Diarrhasa—BacUlw enteritidis sporogetm (Klein) has been 
isolated from milk, butter, and cheese. 

Klein originally isolated this sjjore-formiug anaerobe from the evacua¬ 
tions of patients suffering from a severe epidemic of diarrhoea which broke 
out in St. Batholomew’s Hospital in 1895. It may be isolated from milk, 
as described in the chapter on Water (fiost). 

§ 177. Apht/ioiis Fem \—The physical and chemical characters of 
aphthous milk have already been described. In certain stages of the 
disease, the milk acts upon young calves like a virulent poison, the calf 
dying from apneoa with great suddenuess. After sleatli few marked 
changes are noticed, save intense pulmonary congestion, and a somewhat 
iujeuted patchy tongue. The milk has been given to jiigs with a fatal 
result, and even cats luive suffered indisposition from it; nor is there 
wanting the strongest evidence to show that it may convey the aphthous 
disease to man. This transmission to man has been observed for some 
time, for in the middle of the eighteentli century Michai'l Sagar" described 
the aphthous epidemic, which prevailed in Moravia, 1763-64, and related 
how the milk propagated the disease to auimids and men. In 1834 tlmee 
Gorman veterinarians" (Ilertswig, Mann, and Villain) made on themselves 
some very conclusive experiments, each taking a pint of the warm milk 
drawn from an infected cow for four consecutive mornings. On ^he third 
day M. Hertwig had feverish symptoms; by the si-xth, the mucous 
membrane of the mouth was swolleu; by the seventh, there was a well- 
marked eruption on the edge of the tongue, the lips, and the internal 
surface of the cheeks; by the tenth, the vesicles continually increasing in 
size, had burst; and by the twenty-fourth day the ulcers had dried, and 
there was some desquamation. MM. Mann and Villain were also affected 
in the same way, but to a less degree. This experiment is supported by 
a number of instances of partial epidemics in the human kind, which 
could be satisfactorily traced to aphthous milk. It would appear certain 
that such milk after boiling is harmless. For example, Boulay records 
that foot-and-mouth disease, when imported into the Commune of Morchier 
by a pig-dealer, extended in a few days to over a hundred head of cattle, 
but spared the calves, which were fed on boiled milk and water, and not 
allowed to suck their mothers. 

§ 178. A Form of FeMle Disease Associated With Milk. —The milk 
from a dairy near Aberdeen appears to have lieeu the propagating 
agent of a peculiar and entirely new malady. This remarkable outbreak 
has been investigated and described with great ability by Dr. Ewart.^ 
Twenty persons were attacked, and there wore three deaths. The 
symptoms consisted essentially of fever, with one or more relapses, and 
swelling of the cervical glands, frequently ending in suppuration. The 
connection of the epidemic with the milk-supply was established by the 

' Essentials Pradical Baeteriologg, by H. J. Curtis, 1900, 267. 

" lAheUus ds Aphthis Pecoria, Vienna, 1765. 

• “ Nouveau Dictionnaire de M5dicino V4teriuaire." 

* On a New Form of Febrile Disease associated with tlio Presence of an Organism 
distributed with Milk from the Oldniill jBefomiatory School, Aberdeen, by J. Coesar 
Ewart, M.D., Pree. Bog. Soc., W81, zxxii., 492, 
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fact of the illness being confined to those who drank the milk, as well a 
hj the microscopical appearances of the milk, and some wcll-devisa 
experiments ou animals. The microscopic ai)pearauces of the mill 
showed:— 

1 . Ninnerons micrococci, some free, others in groups or chains. 

2. Numerous spores and cells of the yeast-plant. 

3. Spores similar to li. anthiaris. 

Some pus from the neck of one of the patients w.is found to contaii 
Uacilli and spores apparently identical with those found in the milk, an< 
such pus caused fatal illness when injected into small animals suheutane 
ously. These elements were submitted to cultivation, and a variety o 
experiments on rats were instituted witii the sus|)eoted milk, side by sid( 
with control-experiments with healthy milk, the main result being to provi 
satisfactorily a direct connection between the bacilli and the disease; tin 
evidence pointed t* a contamination of the water supplying the dairy, ant 
the author concludes that the organism prodneing this new fever wai 
morph<dogu3vlly not ludiko the anthrax organism in its mode of develop 
ment and life-history; and, further, that it was iutrodueed into the milt 
after it had loft the udder. 

§ 1780. Ivleiu has recently isolated a i)athogenio blasto-mycete from 
milk. ^ detailed description of this organism will Ih! found in the 30tli 
Aiuiu.'il Koport of the lasial Govornnieut Hoard, containing the Medical 
Officer’s Bcjairt for 1900-1901. 

Thk Decomposition op Milk. 

§ 179. The decomposition of milk is due to the action of numerous 
bacteria. Those bacteria arc, however, not secreted with the milk, providing 
tlie animal is perfectly healthy, but are derived from the air, from con¬ 
tamination of the teats and ducts of the teats, the h»nds of the milker, 
the pails, etc. Milk, when freshly drawn under cleanly conditions, 
contains but few liacteria; it is, however, such an excellent medium for 
their growth tlmt they increase with extreme rapidity, and after a few 
hours may amount to several millions per cubic centimetre. 

Ordinary commercial milk as delivered to the consumers in London 
contains, according to the authors’ estimations, rarely loss than 2,000,000 
bacteria per c.c., capable of growing on nutrient gelatine. 

In order to isolate any jiartieular otgauisrn, it is necessary to dilute 
the milk with a large volume of sterile water, so that the bacterial colonies 
may grow well separated. A convenient dilution will be found to bo 
1 part of milk to 10,000 parts of water. Plates, etc., may be set as in 
dealing with water (see poet). 

Besides the disease-producing b.n *' Ha which have already been noticed, 
and which are but rarely present in milk, there are bacteria which (1) act 
upon the milk-sugar, and the proteids, and are the true organisms of 
decomposition; and (2) certain bacteria of Hgeat importance to the dairy¬ 
man, as by their growth in milk they may cause ‘Milk Faults,’ wliich 
render the milk unfit for use. 

1. (a.) Livtir, Fefmmtation .—Nearly all milk, if allowed to stand in 
a warm place, becomes sour, owing to the formation of lactic acid by tbe 
alteration of the milk sugar under the influence of bacteria. 

The airobio tiaoteria which bring about this change in mUk are very 
numerous, and include not only bacilli, but ^reptococci, micrococci, etc. 
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About 35° C. ia the optimum temperature for the growth of the majority 
of the lactic ferments, and they cease to grow at about 9° C.; they are 
readily killed by heat, since they are, as a rule, non-spore forming. The 
sugar is never wholly converted into lactic acid, because the acid formed 
checks and finally stops the growth of the bacteria; if, however, the milk 
is kept neutral by the addition of chalk, nearly all the sugar may be 
converted into lactic acid. 

When the lactic acid reaches '207 per cent, according to Thorner,^ the 
milk coagulates on warming. HideaP estimates the quantity necessary 
to bring about coagulation as somewhat higher than this. 

The milk sugar is not simply convert^ into lactic acid, according to 
the equation 

for there is always a certain amount of COj produccS, and in ordinaiy 
milk very often alcohol and butyric acid. The alcohol produced must bo 
regarded as a bye-product of lactic and other fermentations, and may 
finally become converted into acetic acid. 

This alcoholic fermentation under ordinary conditions takes place to- 
only a slight extent, but by introducing the right organism (this 
orgiinism would appear to lie the yeast found in Kephir grains) nearly 
the whole of the sugar may bo converted into alcohol. 

(h.) Butyric Fermentation. — Sometimes milk develops an alkaline 
reaction, becomes bitter, and the coagulum at first formed is redissolvod 
with the formation of butyric acid. This change is brought about by the 
butyric liacillus and other allied organisms. Both the casein‘.ind milk 
sugar undergo decomposition, and it is at present impossible to give any 
formula ap))roximately representing the change. Analysts who receive 
milk in this state will be unable to form any accurate idea of the original 
composition of the milk. 

(e.) Froteid Ferments. —Many bacteria, both aerobic and anterobic, de- 
oompoHO the proteids of milk. Their action is very complicated and little 
understood. Some of them would appear to act in a similar manner to 
pepsin and trypsin, producing peptone, leucine, tyrosine, and butyric acid. 

0 . Kalischer* has named those mrobic sporiug organisms which are 
not destroyed at 90°-95° C. ‘peptonising bacteria,’ and according to him 
they form ammonia, and cause a diminution of lactose, at the same time 
converting the casein into peptone, leucine, trypsin, and hydroxy acids. 

• II. MUk Faults.—Bed Milk. —This may be caused by the growth of 
Bacillus laxtis erythrogmes or Snreina rosea. Mkroeoceus rosaceus and 
Micrococcus prodigiosus arc also said to have caused trouble in milk. 
These organisms are all slow growing. 

Blue Milk. —This is caused by BuciUus cyanogenus. Patches of a blue 
colour appear xipon the surface of the infect^ milk after from about 
twenty-four to seventy-two hours. The blue colour is only produced in 
the presence of lactic acid; in alkaline milk a slate colour is produced. 
The organism occurs in many shapes:—(1) eocci-like bodies; (2) short rods, 
sometimes collected into zooglooa masses ; (3) somewhat larger rods having 
a spore in the middle or at the end; (4) other irregular patches. The 
erganism is mobile, except in the zoogloea patches. 

> caent. 1891, p. 1108. 

* Departmental CmimiUee on Food Preservatives, ete., 190b App. ixiv. 

• Areh. Hygieoie, 1900, 87, 80-08. 
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Telloa Milk is said to be caused by the BaeUluii Bynxanih'us, Violet 
MUk by tbo Baeillut violaeeus, Bitter Milk by a number of different 
bacteria, such as Weigmann*s bitter milk bacillus and Conn’s bitter milk 
micrococcus. 

Slimy or Ropy Milk is milk which becomes thick and slimy; such 
milk is not uncommon. It is caused by a very large variety of micro¬ 
organisms. It may be produced artificially by immersing the stem of 
the butterwort {Pitu/uicttla vulgaris) in the milk, and in hlorway is used 
as an article of diet.' 

For all these faults, cleanliness and disinfection will be found efficient 
remedies. 

The Pbesbrvation of Milk. 

§ 180. The preservation of milk is a problem of groat practical 
importance. . 

The commercial methods may be divided into three, t.e,, the application 
of (1) Cold, (2) Heat, (3) Preservatives. 

To these may be added methods which are of value to the food analyst, 
but whicli render tlie milk unfit for use as a food. 

(1) Cold. —The majority of bacteria cease to bo active at about 4” C., 

so that milk will keep for a very long time at low tcmiieratures. In the 
milk trade great and increasing use is made of this method of preservation. 
It is to be noted that if portions of the milk are actually frozen, uuloss-care 
bo exercised in romolting and mixing, the ice portion will have much the 
same composition as watered milk. This method does not destroy disease 
germs, iPpresent. ^ » 

(2) Heat. —(a) If milk be pasteurised, i.e., healed to about 1 0 C. for 

20 minutes, the majority of the non-simring bacteria will be killed, and 
the milk will keep for a considerably longer time tlian uu-pastcurised 
millr This method usually destroys all diseas* germs, with the 
exception of spores. {1) If milk be heated to 120 C. for 2 b^^^ 
or to 130° C. for 30 minutes, all or nearly all bacterial life will be 
killed. This heating to a high temperature has many disadvantages, as 
the albumen is altered, calcium citrate is deposited, there is a certain amount 
of cararnelisation of the lactose and an aggregation of the fat globules. 
Heating milk to any temperature over 70° C., according to Duolaux, imparts 
to it a jiermanent cooked taste o . aa • * 

(c) intermittent pasteurisation, i.e., heating to 70 C. for 20 nunutM, 
on several successive days, and incubating at 37° C. in the intervals, will 
eveatually sterilise milk. . 

To these methods may be added evaporation processes either with or 
without the addition of sugar, as in the preparation of condensed milks and 

IUs*int^tmg to note that many of the so-called sterilised milks on the 
market contain bacterial life, especially in the form of aneerobio spores." 

(3) Preservatives. —The niunerous substances which are added to milk 
in order to preserve it for a short time have already been described (page 
234) It should bawidely known that the small quantities of preservatives 
used in commercial milks do not kill the specific organisms of typhoid, 
cholera, and other pathogenic organisms, as we have a^ertamed by 
numerous experiments. Such preserved milks, far from being safer than 

■ Aikinsu, Milk: its Nature aiid Cmpomtion, 1895, p. 88. 
s A. Weber, Arb. aus dmu. Kaiser. GesWndlieUsmnte, 1900. 
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ordinary milks, are in our opinion far more dangerous, since they often 
come from those dairies which rely more on preservatives than they do on 
thorough cleanliness. 

(4) Methods of Urn to the Analijd.—h, is often of great importance to 
preserve milk fur a long time in a fit state for analysis. 

Many raotliods liave been proposed, none of them being altogether 
satisfactory. Cold or heat may bo used, but the first is not, as a rule, 
available to the ordinary analyst. Heat has the disadvantage of altering 
the composition of the sample to a slight degree, and causes the cream to 
clot at the surface. Of the ordinary preservatives, ‘ Formalin ’ is the best 
to use for preserving milk for a short time. Sevan * has shown that the 
total solids are increased by the addition of formalin. If, however, 3 
drops of 40 per cent, formic aldehyde solution are added to an S-oz. Ixittle 
of milk, the correction for total solids will only be in the second place of 
decimals. ‘ 

llichmond'-i advocates the addition of | c.c of ordinary hydrofluoric 
acid to 100 c.c. of milk. This curdles the milk, and the bottle must l)e 
well shaken before taking a sample. The ash is slightly incre.ssed by the 
acid attacking the glass. This is a veiy good method when sjimples are to 
bo kept for a long time. The addition of alcohol, chloroform, and solid 
preservativMi we have not found satisfactory. 

Skim-milk.—Sbi'arated Milk, 

§ 181. Skim-milk is milk skimmed by hand,' separated milk is milk 
which has been ‘whirled’ in a centrifugal apparatus; by this latter pro¬ 
cess a far more perfect separation of the milk-fat is effected, lly the old 
method of setting in open pans from '8 to TO jjer cent, of milk-fat remained; 
by the modern centrifugal method, only from '1 to '6 per cent, of milk-fat 
is left. The composition of separated-milk compared with the milk in its 
original state is well seen in the following analyses by W. Fleischmaun:— 



t'nali HUfc. 

Croam. 

8Bparate0*.inil£. 

Fat, . , , 

. 3-61 

67-63 

■46 

Casein, . 

. 2'73 

1'17 

2-88 

Albumau, . . 

. '68 

"15 

•49 

Sugar, . 

. 4'09 

2-26 

0-84 

Awi, . . . 

. -71 

•12 

•72 

Water, . . a 

. 87'66 

28'68 

90-11 

Total solids, . 

. 12-46 

71'42 

9-89 

* Solids not fat,’ 

8-81 

3-79 

9-43 


Thus, by the operation the proportion of 'solids not fat’ has been 
somewhat rinsed, and this is constantly observed, and, of course, the specifio 
gravity is also raised, gravities as high as T037 and above being met with. 

CoNDENSEO Milk. 

§ 182. Condensed milk is prepared by coucoutratiug whole or separated 
milk. The product may or may not contain added sugar. As a rule, the 
sugar added is cane sugar, but invert sugar may be present.® There are 

' xz., 152. 

® Dairy Chtmvttry^ 1899, p. 144. 

• Udect MeUwda o£An(Uyiih, by Leflmaun and Boam, p. 226. 
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also in the market several forms of condensed milk mixed with othei 
matters, specially prepared for the feeding of infants. 

Analym 0 / Uotidimaed —In the analysis of condeiiswl milks it ii 

not advisable to treat the condensed milk direct with solvents, even if th( 
milk is presented as a dry powder, for the sufficient reason that it is fount 
difficult to ensure equal admixture of aliquot parts of the product. It ii 
better to mix as thoroughly as possible the whole contents of the sampk 
subimttod, to weigh out from 10 to 50 grnis., dilute with water to f 
deiimte bulk and to take aliquot portions of this. A cemvonient strengtl 
is 10 grms. of the sample in 100 c.c. of water. 

§ 183. Total Suliils .—10 c.c. of a 10 per cent, solution are nm into « 
weighed platinum dish and dried first over the water bath and then in ai: 
air bath at 110° C. until loss of weight practically ceases. Any difficulty 
experionccil in drying may bo dealt with by the use of a little asbestoi 
in the platiniun disk 

§ 184. Ash .—The residue from the total solids is burned in a mufflt 
and weighed. 

§ 185. Ksliituition of the, Milh-Fnt. —Accurate ostiiiiation of milk-fat ir 
sweetened condensed milk is not easy; the ordinary Adams method, foi 
example, gives erroneous results, because the catio sugar dries in a hard 
mass on the filter coil and renders the extraction of the fat difficult. J. F. 
Geislor, however, believes he has attained fair results by using for the 
extraction petroleum spirit or a mixture of this with 15 per cent, anhydrous 
other. 

Umirifugal Meihoils. —I’earmaiu and Moor' obtained what they con¬ 
sidered f(jir results by the Ijeflmanu-Ileam’s process, using 1 grm. of the 
original sample and adding IIjSO^ of 86 per cent, strength. 

A bettor process, however, is that of Lciich.'^ Twenty-five c.c. ol 
10 per cent, solution, corresponding to 10 gnus, of the origiiml milk, an 
measured into the ordinary test bottle for milk-fat detA'minatiou used in 
the Babcock maobino. The bottle is then filled nearly to the neck with 
water, the contents shaken and 4 c.c. of a solution of copper stdphato oi 
the approximate strength of Fchliug's copper solution is added. The 
bottle is then well shaken and whirled in the centrifuge until the pre¬ 
cipitate, which consists of the proteids and the fat, has settled out. The 
clear supernatimt liquid, which contains the sugar in solution, is drawn 
off by means of a pipette having sufficient capacity, a small wisp of 
absorbent cotton being lightly twisted about the lower end of the pipette 
to servo as a filter. If a suction pump is available, it will bo found 
convenient for this purpose. After the liquid is drawn up into the pipette, 
the cotton wad is removed from its lower end by rubbing against the 
inside of the neck of the bottle, and the pipette is withdrawn. The 
precipitate is washed twice as abc e by decantation, taking care to 
thoroughly mix the settled precii/itato with the wash water. If the 
precipitate cakes down hard, it may bo desirable to use a platinum wire 
as a ptirrer. After the final washing, sufficient water is added to amount 
to about tbe normal volume of 17'6 o.c. (the quantity of milk usually 
measured for the Babcock t«it). The contents of the bottle are thoroughly 
mixed, and the regular amount of sulphuric acid is added, viz, 17‘5 0 . 0 . 

From this point on, the usual Babcock centrifuge method is followed. 
Multiplying the final reading by 1'8 wo get the percentage of fat. In 
> Analya, 1895, 270. 

’ Fifth JnniM heport MmathuseUs StattFoard of Health. 
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working Loach’s method we have found that unless a high speed machine 
is used the proteids settle with difficulty, and that this settling is aided 
by standing the bottle in icoeold water. A convenient substitute for the 
pipette and cotton-wool is a short glass tube constricted about ^th of an 
inch from the end, the end being plugged by a small piece of well teased 
asbestos, the filtration being assisted by attachment to a pmnp. A 
centrifugal machine is not absolutely necessary, as the proteids settle on 
long standing. 

Wemcr SrlmiitU Method. —This method is interfered with by the 
carbonisation of the cane sugar. 

By washing the ethereal extract with cold water, until no more colouring 
matter is removed, or, Ijetter still, by the use of petroleum ether, the fat 
is obtained practically pure {Alim)} 

Lcffinann and Beam use anhydrous ether, which precipitates the caramel 
on to the side of the flask. 

We have used successfully the following modification:—The proteids 
and fat are precipitated with copper sulphate, as in Leach’s process; the 
precipitate is Wiislicd with cold water four times, the proteids dissolved by 
H(!l, and warming, the solution transferred to a separating tube, the 
original lx>ttle well washed with other, the ether added to the liquid and 
the solution extracted in the ordinary way with anhydrous ether. 

The Ritthausen method may also bo used, the precipitated proteids 
and fat being extracted with anhydrous ether. 

§ 186. Kdimation of the Total Proteuh in Comlemed Milk. —10 c.c. of 
a 60 per cent, solution of condensed milk arc diluted with water and 6 c.c. of 
a 6 per cent, solution of sulphate of copper added; the fluid is then treated 
with d.n. soda solution until nearly neutral, and the precipitate dealt with 
as described in Itittliausen’s process, p. 226. 

§ 187. Eitimation of Lai'toee in Cimdemed Milk. —The best method is 
to precipitate the proteids by copper sulphate and sodium hydroxide and 
determine the reducing sugar in the filtrate gravimctrically. Volumotrio 
methods may also be used when only approximate results arc required. 

§ 188. ilstmation of Cane Sugar in Cemdemed Milk. —^An approximate 
estimation of the cane sugar may be made by deducting the proteids, 
ash, fat, and milk sugar from the total solids. Such a method is useful 
as a check on more exact methods of analysis. 

Leflmann and Beam’s method consists essentially of precipitating 
proteids by mercuric nitrate and taking a polarimetric reading, then, after 
nearly neutralising the filtrate and adding a little thymol, inverting by 
invertaso at 36“ C. to 40° C., and allowing it to stand for twenty-four hours. 
The cane sugar is inverted, the milk sugar remaining unaffected. The 
polarimetric reading is taken after clearing with aluminiiuu hydroxide. 
The difference in the reading will give the cane sugar. The usual correc¬ 
tions for precipitated protei^ and fat must be mode. 

Stokes and Bodmer determine first the reducing power of a clear 
filtrate. Tins is duo to lactewe, and can be calculated as siush. Next, the 
filtrate is boiled with citric acid solution (1 per cent.), and submitted to 
Fehling, an increased K is obsorv-ed, which obviously is due to both invert 
sugar and lactose. The amount of lactose being known, it is easy to calcu¬ 
late the reduction due to cane sugar. 

W. D. Bigelow and K. P. MaoElroy use the following method to 
determine the carbo-hydrates of condensed milk:— 

> Cafniureial Organic AmUysis, iv., 229, 
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The following solutions arc required:— 

Add Mermrir lodvle .—Mercuric chloride, 1’45 grms.; potassium iodide, 
3‘32 grms.; glacial acetic acid, 2 c.c.; water, 64 c.c. 

Alumina Cream .—A cold saturated solution of alum is divided into 
two unrajual parts; to the laigcr portion is added a slight excess of 
ammonium hydroxide, the romaiuder is mixed until there is only a faintly 
acid reaction. 

The entire contents of a can are mixed thoroughly in a porcelain dish. 
A number of portions of 25 grms. each are taken and placed in 100 c.c. 
flasks. To two of the flasks water is added, and the solutions boiled. 
The flasks arc cooled, the contents olarilied by the mercuric solution, and 
the abmiitio cream filtered, made up to a definite volume, and a polari- 
metrio reading taken. Other portions of the milk are heated in the water 
bath to .55° C., and inverted by means of invertaso (or brewers’ yeast), the 
invertase lasing allowed to act for five hours. The sample is thou clarified, 
filtered, and polarised. The diflerence of the two readings serves as a Imsis 
for calculating the percentage of cane sugar. A oorroctiou for the volume 
of precipitated protoids and fat must be made. 

The total reducing sugar is estimated by Fehling in one of the portions; 
if the sum of it and the amount of cane sugar obtaiiuHl by inversion is 
etiual to that estimated by the polarimetric reading before inversion, no 
invert sugar was originally present in the sample. But if the reducing 
sugar is t(x> great, the amount of milk sugar must bo redetermined as 
follows 

250 grins, of the condensed milk are dissolved in water, the solution 
boiled, odtiled to 80", and a solution of about 4 grms. of glacial phosphoric 
acid added; the mixture is kejit at 80° C. for a few minutes, then cooled 
to the ordinary temperature, made up to a definite volume, shaken and 
filtered. It may bo assumed that the volume of the precipitate is eipial 
to that obtained by mercuric iodide solution. The frt;e acid is nearly 
neutralised by sodium hydroxide, and sufficient water added to compensate 
for the volume occupied by the solids precipitated by phosphoric aoid. 
The whole is now filtered, and the filtrate measured in portions of 100 0 . 0 . 
into flasks of 200 o.c. capacity. A solution containing 20 mgrms. of 
potassium fluoride and half a cake of compressed yeast is added to each 
flask and the mixture allowed to stand for 10 ^ys, at a temx^erature 
between 25° and 30° U. In the presence of a fluoride the invert and cane 
sugar are fermented by the yeast, while the milk sugar remains unafiected. 
The remaining milk sugar is therefore determined by the polariscope. The 
inver*^ sugar and lactose have already been determined by a copper solution 
on the original unfermented solution; and, by subtracting the copper 
due to lactose, the invert sugar (if picsent) may be calculated. 

§ 189. CompodlioH 0 /Original iidk .—The best method is to calculate 
to a standard, such as the average amount of non-fatty solids in 
ordinary milk, or the average total proteids. The average non-fatty solids 
may 'je taken as S’fl per cent., the average proteids 3'4 per cent. 

The fat of the original milk is then calculated as follows:— 


Fat of ori^nsl milk= 

Non-fotty solidf) ofoondensed uuik 

Pat of original 


The non-fatty solids of condensed milk wiE include only milk sugar. 
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protoida, and luinera) substances, and will, for the purpose of calculation, 
exclude cane and invert sugars and added preservatives. The total solids 
of the original milk may be arrived at by adding 8*9 to the percentfige of 
fat calculated for tlte original milk. The ash of the original milk may be 
calculate<l on tlic same principlos, tlms: — 


Asli of original milk- 


Asli «>r coiukuHtnl m ilk x 8*9 
NoU'fatty HuUds of concleiiami milk’ 


§ 190. Dcgi'ee of Gonemtraiion^ — The degree of concentration is 
obtained by dividing the total milk solids of condensed milk by the 
calculated milk solids in the original milk, thus:— 


Degree of coucoiitratioii -- 


Total milk eolide of coinloiised milk 
Total milk of ongyial milk 


Example:—Viking llraud: 

Per cent 

Total milk aolide, ’58 

Non*ftttty solids.. 25*1 

Fat,.10*43 


Fat of original milk - « 3 ‘7. 

*i5*l 

Total solids of ongiiial milk 8*9 + 3*7"=12*(i, 
Degree of concentration by wo'glit--'^'J ^“2*82. 


o 

Tlie meaiiing of tho ‘ decree of coiicontratiou ’ is, taking the above 
oxaiiiplo, that eveiy grm. of condensed milk must be made np to 2'8^ 
grms. with water in order to produce a fluid coutaiiiiiig 3 7 per cent, of 
fat and 12'6 per cent, of total solids; heiiee, in the above cfiso, to every 
100 grms. of milk 182 grms. of water must be added. 

If the volume of water required to dilute a given volume of condensed 
milk to its original cunipusition is wanted, it will be necessary to know the 
specific gravity of the oondonsed milk. 

The degree of concentration by volume will equal the degreq of con- 
oentratiou by weight multiplied the speoitio gravity of the condensed 
milk, or 


Degree of oonccntrstioii by volume 

_ Total milk solids of condensed milk x sp. gr, of condensed milk 
Total milk solids of diluted milk. . 

From this value deduct 1 to get the volume of water to be added to 
every 1 o.c. of the ooiideiised milk, in order to produce a fluid having the 
same amount of milk solids as the original milk. 

§ 191. Adulteration of Condensed Milk —The most common adulteration 
is the removal of fat from the original milk before concentration. This 
maybe detected by calculating in the manner already given the oompositiou 
of the original milk. 

It has been proposed to judge the quality of condensed milk by the 
relationship between the proteids and fat, condensed milk should oon'biu 
as much fat as proteids. The average amount of proteids in genuine milk 
is 3*4 per cent., and it is the least variable of all the constituents Hence, 
according to this standard, the fat would have to be 3'4 per cent.; since, 
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however, the limit in thia country is 3 per cent, for milk fat, no higher 
richness in fat can bo insisted upon as regards milk used for condensing, so 
that it is preferable to calculate the composition of the original milk either 
on a stamlanl of 8’9 per cent, solids not fat or on a stivudard of 3’4 per 
cent, totol proteids; if, then, the fat of the original milk falls below 3 per 
cent, tbo condensed milk may be judged deficient in fat. 

Cane Sw/ar .—Cane sugar may l)e found in samples of milk stated to be 
free from such addition; it may be tested for by Cotton’s method (p. 233), 
luid estimated by the processes already given. 

Glueose .—^According to llichmond,' glucose is sometimes substituted for 
cane sugar. Its presence may bo detected by tlie high reducing power 
before inversion and by the fact that the reducing sugar bears no relation 
to the amount of total proteids in the sample. In ordinary condensed milk, 
tbe milk-sugar is about 1'44 times the quantity of total proteids. 

Starch has bcen'found in ordinary condensed milk, and it is sometimes 
found in condensed milks ‘ prepared for infants ’; it is easily detected by 
-the addition of iotline solution. 

Glycerin is stated (AlUm) to have been found as an adulterant of eou- 
deiised milk. 

Preservatives may be looked for in tbo same manner as in milk. 


Ckeam. 

§ 192. Milk on being allowed to rest for some time becomes covered 
with a yellow f.itty layer, known as cream. In composition it fairly agrees 
uitb ord!nary milk, save that it contains a largo percentage of fat, and 
that there is also a somewhat relatively higher porccntfige of casein and 
.'.llmmen. The albuminoids have a tendency to separate partially,^ and 

' Dairy Cliemiatry, j). 146, 1899. * 

Richmond considers this to bn due, in the cose of MUd cream, suoh as Devonshire 
cream, to the cva]H)ration of water from tlic surface dining heating. In the case of 
Oldinary cream he denies that the ratio of solids not fat to water is any higher than in 
milk. He considers tliat othor ubservers have fallen into this error through nut taking 
into account: (1) the evajeiration of water from the surface of the cream, (2) methods m 
analysis, ».c., either the fat has been imperfectly extiacted, or has increase in weight 
through overheating. He has also worked out the following table, which enables the fat 
10 be judged with considerable accuracy from the total sul& of ordinary cream but not 
from elothid creams:— 

TABLE XX.— Ratio of Fat to Total Solids in Ckkam. 


Total 

Bolida. 

Fat. 

soliaa 
not Fttt. 

Total 

BoH<U. 

Fat. 

Siilldn 
not Fat 

Total 

Solids. 

Fat 

SoUdB 
ii(»t Fat. 

60 

.VrS 

4*2 

49 

437 

6-3 

38 

31*6 

6*4 

f9 

547 

4-3 

48 

42*6 

6-4 

37 

30*4 

6*6 

58 

63-a 

4-4 

47 

41-6 

6*5 

36 

29'3 


6 < 

62*5 

4-5 

46 

40’4 

6'6 

85 

24*2 

6*8 

■a 

61-4 

4*6 

46 

39*3 

67 

34 

277 

6-9 

■9 

60*3 

47 

44 

88*2 

6*8 

33 

26*0 

7-0 

54 

49’2 

4-8 

43 

87-1 

6-9 

82 

24'9 

77 

53 

4S -: 

4*9 

42 


6*0 

31 

23-8 

7’2 

62 

47-0 


41 

84-9 

67 

so 

227 

7-3 

51 

46'9 

6*1 


33-8 

8*2 

29 

21*6 

7-4 

80 

44-8 

.'»*2 

39 

327 

6*3 

• 
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mechanically adhere to the fat; for example, the authors found the average 
composition of Devon cream as follows:— 


Milk-fttt,. 


Per cent. 
65-011 

Gi 180U), .... a 


3-,5:i0 

Albtuueii,. 

I’eptoiicfl,. 


•521 


■060 

Lactonbroiiie, .... 


. UadetenDined 

Milk-augai*, .... 


1-723 

Water,. 


. 28-075 

Ash, 


■490 

Chlorine in Ash, .... 

*. *01*3 


Calcic Phosplmto, . . 

. *373 



It will thus be scon tluit the milk has thrown up casein with the fat, 
for if we allow that ordinary milk contains 87’2 of water and 3'0 ijer 
cent, of casein, then the amount of casein in the cieam, if none were 
separated, would be— 

Water. Cnsoiu. Water. Caseiu. 

87*2 : 3*0 : 28*676 - *98 

But the cream, instead of containing -98 per cent., actually contains 2'65 
in excess of this quantity. 

The amount of albumen strictly follows the casein, for the ratio of 
casein to albumen in milk being as 3'0 is to '4, the theoretical yield of 
albumen in this particular case would bo '69, the amount actually found 
being about •! per cent, lower than this estimate. 

If the composition of the Devon cream shows clearly that there is some 
considerable separation of the casein, the milk-sugar follows vefy closely 
the proportions one would e.vpect to find from the amount of water; for, 
taking the average of 4‘7 of milk-sugar dissolved in 87'3 of water, we get 
in the present case— 

Water. Sugar. Water. Sugar. 

87-2 s 4-7 : 28'7 - I'S 

which does not deviate very considerably from the numbers actually 
obtained, viz., 1'723. 

Devon cream is of the consistence of a soft paste, and is covered with a 
skin-like layer of partially dried caseous and fatty matter. This cream 
is produced by keeping the milk in large pans, at a gentle heat, for many 
hours. The temperature is always far under boiling point, yet probably 
sufficiently high to arrest fermentation. This application of a moderate 
heat during a lengthened time causes the fat to coalesce and rise more 
rapidly than the ordinary method. Such cream is preserved in some 
degree from the infection of the lactic ferment, and will keep perfectly 
sweet many days, even in warm weather, provided always that the layer on 
the top lb not destroyed nor disturbed; as when once this is done, especially 
if the top pirtion be mixed thoroughly with the rest, lactic fermentation is 
very rapid. 

Ordinary, or raw cream, is either cream raised in the ordinary way, that 
is, by allowing tlo milk to rest undisturbed at the ordinary temperature; 
or it is separated '.y more modem and scientific processes, such as the 
action of cold and isntrifugal machines. Cream, as thus produced, is a 
thiokish, yellowish liqdd, containing a variable amount of milk-fat, for 
which, unfortunately, tuire is no legal standard, and it is difficult to say 
what is the minimum proprtion of fat a cream may contain, and yet be 
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properly desij^atcd cream. Without a doubt, this is either a matter 
which should be regulated by law, or the dairies should charge so much for 
every percentage of fat; it is the authors’ opinion that any rich milk sold 
as cream with less than 25 per cent, of fat is not cream, properly so called, 
'rhere was a great diversity of opinion amongst those witnesses who sug¬ 
gested a limit for fat in cream before the Departmental Committee on Milk 
and Cream Regulations, 1901, the limits varying from 10 per cent, to 60 
per cent. The Committee finally decided “ That the weight of evidence was 
not favourable to the establishment of official limits of fat for cream, nor 
does it appear that any substantial difliculty arises in selling cream in 
different qualities, at corresponding prices, to meet the requirements of the 
public. . . . The Committee consider, therefore, that no regulations are 
rtsiuirod with regard to the ivmount of fat in cream.” 

The Ibllowing are the monthly averages of a very large number of 
analyses of cream ctomined by Dr. Vieth.' It will be seen that the lowest 
average is 31'8 per cent.; the highest, 51T per cent,; and the mean of the 
whole, 41'0 per cent., and this may be taken as fairly representing the 
composition of good cream:— 


January, 



1883. 

rat. 

32'8 

1881. 

Fat. 

:w6 

1885. 

Fat 

36-9 

1886. 

Fat 

4-3-1 

February, 



347 

38-6 

87-8 

43-5 

March, . 



32-8 

34-2 

37-1 

45-4 

April, . 



34-9 

337 

37-9 

457 

May, . 



88'1 

3G-4 

40-0 

45-0 

June, 



40'6 

37-0 

41-9 

42-6 

July, . 



37'6 

39-0 

42-8 

41-7 

August,. 



41 •! 

37-7 

45-2 

43-3 

September, 



36-2 

36-3 

47-8 

45-1 

October, 



33-4 

36-6 

48-4 

46-0 

November, 



82-1 

33-6 

51-]« 

45-3 

December, 



31-8 

33-9 

44-6 

44-2 




— 

—— 

' 

— 

Yearly averages per) 
the whole, . . i 

3&-5 

42-1 

42-6 

44-2 


The analym of cream is conducted on the same principles as that of 
milk. Trouble will be found in drying the cream in order to estimate the 
water, unless, for this purpose, quantities so small as a gramme are taken. 
This, spread out in a thin layer on a platinum dish, dries easily enough at 
the temperature of 100“ C. Should larger quantities for any reason be 
taken, it will then be necessary to treat the cream, after partial drying, 
with petroleum or ether; extract the fat, and then dry the fat and the 
‘solids not fat’ separately—the fat at about 105“ C., the ‘solids not fat’ at 
100“ C.; the loss is then considered as water. The fat of ordinary cream can 
be determined by the Adams’ method, or, if diluted, by a centrifugal 
method or by that of Wemer-Sohmidt. 

AdvUeration of Cream—PreiervaUver —The most common adulterant 
is borax, but the preservatives found in milk should all be looked for. The 
Departmental Committee on Food Preservatives, etc., 1901, recommended 
that no preservalaves other than borax comiiounds should be used in 
cream', the amount not to exceed '25 per cent, boric acid, and the nature 
and Bipountbf preservative to be declared. 

§ 193. Gefaffn.—This is a common adulterant of cream. The Depart¬ 
mental Committee pn Milk and Cream Regulations, 1901, recommended 
> Aaofyst, 1884,1886,1880,4'887, 
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that the artificial thickening of cream by any addition of gelatin or other 
subsitanoe shall raise a presumption that the cream is not genuine. 

For the detection of gelatin in cream Stokes’ method may be used;—To 
10 grammes of cream add 25 c.(!. of water and 2 c.c. of Wiley’s acid 
mercuric nitrate solution, and shako well; filter through a dry filter. In 
the presence of much gelatin the filtrate cjuinot bo obtained clear, and it is 
not essential that it should be so.’ On adding a saturated solution of picric 
acid in water, a yellow precipitate will come down if gelatin be present. If 
the quantity of gelatin be small, the precipitate will not form for some 
minutes. 

Riehmimd describes a substance known as ‘ viscogen,’ consisting of lime 
in cane sugar syrup, of which he says a small quantity' has a remarkable 
eifect in increasing the thickness of cream. 

Dejctmi and Sturrh have been used. 

Albumen has been found by one of us; it may be detected by estimating 
the casein and albumen in the cream; they should have the sumo approxi¬ 
mate ratio to the water as they have in milk. 

Colourinr/ Matters .—Cream is very often artificially coloured, the colours 
most frequently used being annatto and coal-tar yellows. The colours may 
be detected its in milk. 


Koomiss. 

g 194. Koiimiss is an alcoholic drink made by the fermentation of milk; 
it is prejmred by the uouumI population of Asia (especially by th^Tarturs) 
from the milk of the mare and that of the camel: it is also manufactured 
from cows’ milk. 'I’ho preparation of koumiss by the Tartars is very 
simple: ten parts of fresh warm milk, with a little sugar, arc added to one 
part of milk which is already sour—that is, which contains lactic ferment— 
and the whole is allowed to rest for two or three hours with repeated 
stirring. 'The chemical changes taking place seem to l)e a partial decom- 
Imsition of the sugar into lactic acid, the development of carbon dioxide 
and alcohol, and jmssibly certain changes in the albuminoids, changing 
them partly into peptones. The composition of koumiss, since it may be 
derived from such different sources, is variable. A few analyses are as 
follows:— 



Moan of 
ton analyses. 
Koniff. 

Konmiss 
maivs’ milk. 

W. Flelsclimann. 

Koumiss from 
cows' milk. 

W. Fleischmaun. 

Koumiss 

4d itoura old. 

J. A. Wankiyn. 

Water, 

87-88 

91-53 

88-93 

87-32 

Milk-sugar, . 

3 70 

1-25 

3-in 


Lactic acid, . 

1*06 

1-Ul 

•79/ 


Casein, 

2-83 

1'91 

203 

2-84 

Milk-fat, . 

•94 

}*27 

•8.5 


Alcohol, 

1-69 

1-85 

2-65 


CarboDio acid. 

•88 

•88 

103 


Ash. 

1-07 

•29 

•44 

•86 


In the koumiss from cows’ milk, Fleiscbmann separated ’166 per cent 
of glycerin. • 
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Buttjsrmilk, 


§ 195. Buttermilk is the thin whey loft behind when the fat has been 
extrtveted in the process of butter-making. It is never fat-free; it contains 
all the constituents of milk, but a great portion of the sugar has been 
changed into lactic acid. It is then essentially a dilute, poor acid milk. 

The average composition of fresh buttermilk is:— 


Water, 

Caaeiii, 

Kal, . 
Milk-sugar, 
Ijaatic acid. 
Ash, . 


90-62 

3-78 

1-25 

3-8« 

•32 

•65 


The lactic acid.tcuds to increase, so that samples which have stood 
a little time will contain more lactic acid than the proportion above given; 
besides the ordinary salts of milk it frequently contains tlie common salt 
added to preserve the butter. It is not an article of (lommerce, and from 
its occurrence merely as a bye-product dill'eis in composition considerably.' 


Bnirm. 


§ 196. Conxtituenis of Butter .—In the manufacture of butter the 
cream is violently agitated in a chum or other suitable apparatus, and in 
this manner the tliin membrane * enclosing the fat globules is supjiosed to 
be ruptiv^^d. The free fat then coalesces, entangling with it some casein 
and serum; the butter is well pressed together to free it as much as 
possible from moisture, and salt added to assist its preservation. Butter, 
therefore, is composed principtilly of milk-fat, with a small and variable 
qiuintity of water, casein, milk-sugar, and ash, the latter consisting chiefly, 
but not entirely, of the salt added. 


The fat of butter may ba shown, by careful cooling, to consist of about 46-5 per 
cent, of butter oil and .54-5 per cent, of solid fatit is usually stated to cousist of a 

_S_l._ Al.. _SJ-- £.AA.. ..A__J ....A 


of about 7*8 per cent, of the triglycerides of these volatile acids with the glycerides of the 
insoluble acids, which gives to mitter-fat its peculiar and distinctive cbai'acton; but 
it is probablo that stearin, palinitiii, butyriu, and caproin do not exist in butter, their 
place b»‘ing token by more complicated ^ycerides, the glyceiin being combined with 

a C4 0 

two or three dilfewnt acids. A crystalline glyceride,* O 5 HB—0. CiflHjflOa, has, indeed, 

\0 I OlsHsgOy 

been isolated from butter. 


The different constituents, as well as the physical characteristics, of 
butter- or milk-fat Imve been already described at p. 196 et sefy. 


* Some analyses by Dr. Victh {Analysly 1884) may be thus summoriBod 

• Total Snllds, Fat, Solids, not Fat, Ash, 
per amt. percent percent. percent 

Maximum, • . 10*70 2'61 10*16 1*82 

Minimum. . . 8*13 *49 7*13 *64 

Moan, , . . 9*43 *7 8*66 *76 

* Reasons for doubts us to the existence of this membrane are given at page 104. 

* A. Wynter Blyth and'Robertson, Jowrn.. Chew, Soc,^ 1889 (Pixiceedlngs), 6 . 

* A, Wynter Blyth and Robertson, Op, cU, 
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The genemi composition of hutter-fat, as usually stated, is as 
follows;— 

OlTOEMDES EgllAL TO FATTY AOIDS. 

Olein, , . 42‘21 = Oleic Acid, . 40*40 

Stearin and I .„.nn _ i Stearic a)id Tal- 
I’alniitin,, t ~ I niitio Acids, . 47'f)0 


87*90 Total insoluble solids. 
Dntyrin, , 4*07 = Butyric Acid, . 8*49 

Capruiii, . 3 0*2 = ('aimiic, . . 2*40 

Caiiryliii and 1 _ J Caprylio and Kutic 

Kntin, . j j Acids, . . *80 

100 00'= 94*69 Total acids." 

Pure, dry butter-fat melted at a heat not exceeding 100’ F., has at 
that temperature a specific gravity ranging from *91079 to *91400; its 
fusing point, taken in the manner to be described, ranges from 30°*6 to 
36°*5; average specific gravity at 16° is *93072. 

The relative proportions of fat, casein, and salt, in butters, may be 
gathered from the following table:— 


Per cent. 

Daolflb. 

Btcbiuond. 

EnslUh. 

Bichmoud. 

Irish Salt 
Firkin. Tich- 
bomo. 

Australian. 

ilea'iniMh H 

. and Fu 

% 

Swedish. 

Arrington 

rrest. 

Italian. 

Fat, . . . 

83*41 

86*85 

63‘58-88*60 

86*21 

82 *.55 

84*12 

Curd, . . 

1 30 

0*69 

0*46- 4*16 

1*30 

1*16 

*66 

Salt (Ash), 

1*87 

1*02 

1*02- 7*02 

1*68 

2*70 

’ *18 

Water, . 

18*42 

11*64 

8*12-30*84 

11*81 

13*.69 

16*06 


Maroahine. 

, § 197. Margarine .—The manufacture-of margarine* is an impoi*tant 

Industry in the United States, and is also largely produced in Holland and 

' The theoretical percentage of G, H, and 0, corresponding to these glycerides, is as 
follows:—0 72*8, H 13*3, 013*9. 

" E. Duclaux (Con^r. Jiend., cii., 1,022, 1,077) by a process of fractional distillation 
has examined a series of prize Normandy batters, in special relation to the proportions 
of Caproic and Butyric acids; his results are contained in the following table;— 



D 


B 

B 

6. 


B 

B. 

Water, . . . . 

12*4<> 

13*86 

12*28 

10*72 

13’.84 

11*82 

14*00 

18-68 

Fat. 

86*71 

86*48 

86‘7e 

88*30 

88*01 

86-52 

85-81 

8633 

MllK*8ngar. 

0*16 

0*20 

0-17 

0*18 

0*20 

0*80 

0-20 

■TTiV 

Casein and salts, . e 

0*78 

0*96 

0*70 

0*86 

0*46 

1*66 

■za 

0*58 


100*00 

100-00 

100-00 


100-00 

100*00 

100-00 

100*00 

Caproto add (per ociit.X • 

2*10 

2*18 

8*17 

8*23 

2*26 

2*00 

2-08 

2*19 

Butyric add (per cent.), • 

8*» 

8*62 

8-58 

8-60 

8-65 

8-38 

8-62 

8-48 

Bum of the adds, . 

0'66 

6*70 

6-70 

5*83 

6*21 

6'd8 

6-80 

6*66 

Ratio. 

8*1 

2*0 

2*0 

2*0 

2-0 

2'! 

8*1 

2-0 


The mean of the eight determinations gives Caproic 2*16 and BuMo Acid 3*62 per cent. 

* M6ge Mouries, a chemist, api)earB to have been the first who proposed the manu¬ 
facture of artificial butter. It came first into commerce about me year 1872. ^e 
Appendix. * 



















§ 197.J MARGARINE. 27^ 

in Bolfiiium. As inanufaotiiml in Chicago, it would appear to be, at all 
events, a cleanly article. Animal life is plentiful in the States; American 
technical operations are on a gigantic scale, and too much capital is 
involved in tho matter to allow of the use of any process likely to disgust 
the consumers. The chief constituent used is beef-fat, which consists for 
tho most part of stearin, margarine (so-called), and olein. Tho olein and 
margarine melt at a much lower temperature than tho stearin. Mutton- 
fat contains more stearin than beef-fat; hence, in stimmor, tho softness of 
beef-dripping as compared with tho solidity of mutton-fat. This is ob¬ 
viously tho reason why the manufacturer prefers beef-fat. Tho process 
of manufacture is briefly as follows:—Tho beef-fat, freed first ns much as 
possible from fibre, passes in a very finely-divided state from a sort of 
mincing-machiue, technically called a ‘hasher.’ to largo tanks, whore it 
is molted by mean^of water-jackets applied to the tanks, and heated to a 
temperature never allowed to exceed 39° C. The result of this process is, 
that the fat melts to a clear yellow oil, tho water and (Uhris sinking to 
the bottom, aud a thin scum of impurities rising to tho surface. The 
livttor is skimmed off, and the yellow oil run into wooden oars, in which 
tho stearin, after a little time, begins to deposit in a more or less crystalline 
or granular condition; tho refined fat is thou put in a press-room, and 
kq)t at a temperature of from 26°'6 to 32°-2 C. The oloo-margarine is 
filtered through cotton cloths, and ultimately pressed; the result of which 
is, that the stearin is left behind as a white cake, and is ultimately dis 
posed of to the candle-maker. Tho oleo-margarino, at this stage, is quite 
tasteless, and has no flavour of butter. This flavour is given by churning 
it with feilk; lastly, the product is coloured with annatto, and rolled with 
ice, after which it is either made up into jiounds, or packed into kegs foi 
exjK)rt. Arrived iu this country, it is either sold houMtly as ‘ margarine 
at tho price of about dightpouco per pound; fraudulently at a higher price, 
as butter; or it is us^ as an adulterant of butter. The chemical pro 
jKn-tions of the artificial butter vary according to the fats used in th< 
manufacture and the details of tho process emjiloyed; but the}' all agrei 
in this, that when the butter is saponified and the acids set free, there if 
a great deficiency of soluble fatty acids, as compared with those of triu 
butter-fat. 

A return shows that dunng one month the following ingredients 
were used in the manufacture of margarine in the United States, tbs 
figures indicating the percentage each ingredient bears to the whole 
Neutral fat 31'88, olive-oil 28'84, cotton-seed oil 4‘34, salt 6'83, mill 
16'13, butter and butter-fat 7T0, cream 4-02, aud small quantities o: 
sesame oil, coloiiriug, sugar, stoariue, glyce^ne, and glucose. 

Tho proximate analysis of commercial margarine is as follows:— 


Water,.12‘01 

Palmitin,.18'81 

Stearin.38'60 

Olein,.24 «6 

Butyrin, Caproin, and Caprylin, .... '26 

Casein, . . '^4 

Salta. ..5'23» 


> It has been asserted that artifielal tributyrin has been added to oleo-marmrine 
Such an admixture may m readily dissolved out of the butter-fat by strong aloohol 
while the natural tribu^rin is not ao easily sejwrable Bran buttcr-fat by any sravent 
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Analysih and Adultbkation of Buttbe. 

§ 198. The only common adulterations of butter are the substitution 
or admixture of fats other than butter,* of water, the latter being either 
left in the butter in undue proportion through faulty manufacture, or 
fraudulently added, of colouring-matters, and of boracic acid or borax. 
The addition of mineral substances, flour, and other artieles enumerated 
by different writers, is at the present day rare. The analysis of butter 
naturally divides itself into—(1) The general examination and analysis; 
and (2) the investigation of the fat. 

§ 199. 1. Tile Gmmral Examinidiim nrul Anahisui of JIutter. —The colour, 
taste, and odour of the sainplt) should, of course, be noted. It will also 
be useful to make a microscopical e.\amination of the si;,niple. 

The Mii-rosropical Kmieination of Bultir. —A very small piece of the 
butter is placed on a slide and just covered with a drop of olive oil, a 
cover glass is gently pressed down upon it until the film is suHiciently 
transparent. The preparation should be viewed both by ordinary and 
by polarised light. Coarse adulteration, such as starch, will be at once 
observed. Ordinary well-made butter will have a characteristic appear¬ 
ance, the water globules varying in size within narrow limits; under 
polarised light it will show no bright patches or crosses, except where 
definite crystals of salt or other preservative can be oljserved. Butter that 
has been heated and cooled, as, for instance, procete or renovatal InUler, 
butter that has been mixed with water at a high temperature or churned 
at too high a temperature—butter mixed with manjarim, buttei^that has 
become rupidly staJe, may also show bright appearancos under polarised 
light. Butter made from pflwfewfseti cream is said to sometimes give the 
same appearance. 

Milk blended butter^ under ordinary light has a very much more 
uniform appearance than ordinary butter; the water globules being all 
small and of the same size, it shows no bright jdaees under polarised light. 
“Butter mixed with an excess of water at a high temperature often shows 
very large water globides. 

Manjarine has a very difierant microscopical appearance to butter, the 
ground substances consisting of a coarsely granular substance containing 
some very large water globules; under polarised light it shows many bright 
places; but margarine may, under certain conditions, be so mixed with butter 
as not to give any evidence of crystalline structure when viewed under 
polarised light 

The Proximate AnaJ-yiie of Butter —that is, the separation of butter 
into mineral matters, curd, butter-fat, and water—ie very readily 
performed. 

10-20 grms. of butter are put in a flask, 60 c.o. of paraffin oil added, 
also a little tannic acid, and a few fragments of pumice stone, and distilled, 
the distillate being received into a graduated tube; the paraffin and the 
water form two layers. The volume of the water can therefore be read oflf 
(W. Thomer, Zeit. angew. Ohem., 1908), the results are a little low. At 

* A. Mayer {Landw. Pirsmha.-Stat., 29, 216-232) has made experimonta on a man 
and a boy as to the relative nutrient power of natural and artificial butter. He found 
on the average that 1’6 per cent, less of the artificial butter was absorbed than of the 
natural. 

’ See page 276. 
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first there may be much bumping, but with care a quick distillation may 
bo effected. 

The water may also be estimated by placing about 1 grm. of the 
butter in a large platinum dish, so that the fat forms a thin layer, and 
then exposing it to the heat of the water-bath with frequent agitation until 
it ceases to lose weight. The salt is best determined in a separate sample; 
from 6 to 10 grms. of the butter, made up from different portions of the 
sample, are shaken up with hot water in a separating funnel, the water 
poured away from the fat, aud the chlorine estimated by silver nitrate and 
potassic chromate, as described in the article on Water Analysis. The 
mUk mijar may be estimated on a portion of this water extract by any ol 
the usual methods. 

Thc/((< may be estimated by extracting it from the dried residue used 
for the water detennination, by boiling ether, benzene, etc.; the residue left 
in the dish dried and weighed will give the solids not fat and salt aud any 
added mineral matter; these two latter aud the ash subtracted from the 
‘ solids not fat ’ will give the rurd. The actual pruteids arc best estimated 
by making a nitrogen determination. The fat is usually most easily 
determined by subtracting the percentage of water, curd, and minerals 
from 100. 

The general analysis finished, it remains to consider the results:— 

§ 200. Watkh.—(S ee Sale of Butter Regulations, page 46.) 

The quantity of water in well-made butters usually lies between about 
9 per cent, and 15 per cent., the average being about 12 per cent. Salt 
butter, with the exception of Irish pickled butter, contains, as a rule, a little 
loss watfr per cent, than fresh butter, although salt butter has a moistei 
appearance. 

Butter may contain an excess of water by reason of (1) faulty or bad 
methods of manufacture, (2) the fraudulent addition of %ater. 

(1) If butter is not pro|)crIy made it may contain 30 per cent, or raort 
of water, which cannot be properly got rid of by subsequent washing and 
working, or by the addition of salt; of the many factors which go to make 
up the process of churning, the temperature of the cream or milk is the 
moat important; this temperature has been found to lie between 15" and 
20" C. for milk and 12" and 18" C. for cream, the exact temperature 
depending on the kind of churn, the sourness of tire cream, etc. If the 
proper temperature is exceeded, the butter will bo soft and greasy and will 
contain an excess of water. 

The method at present used in certain parts of the south-west oi 
Ireland, which consists in working into the butter a saturated solutior 
of salt, must be considered a faulty method of manufacture, since il 
yields a butter containing, as a ’ule, a largo excess of water. Tht 
brine is worked into the butter either at the .ordinary or at highei 
temiKsratures. 

This latter method is, however, aocordmg to several authorities, onli 
used for the purpose of fraudulently adding water to the butter. 

The valuable expoyimonts of Messrs. K. H. Beamish, W. B. Harrington 
and T. A. Forrest, on the composition of Irish dry salted butters and brim 
salted butters made with brine at various temperatures, clearly showe< 
that properly made dry salted butters need never contain more than 11 
per cent, of water, and that dry salt can be mixed much more effeotuall; 
with the butter than, can brine; they further found that the difference u 
the amount of curd m dry salted and picklgl butters was very small am 
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not sufficient to influence the keeping (^uaiitios of the butters. The follow¬ 
ing table summarises their results;— 

Tabls Showinci thk Quantity of Water which can be added 
TO liUTTKR AT VaBIOUS TkMI’IIUATURKS. 


Fposh and Dry Snitod lUitters. 

Wfttor. 

Per dent. 

Ciml. 

PtT cent. 

Minevi)] SulU. 
Per cent. 

From tlio Munster/ Avorage, 

Dairy School, ( Extreme variations, 

14-06 

18-09-9-7 




BHne Salted Samples — 


Tonperaturo of Brine. 

Wftkr. 

Per 4X1 it. 

•“ 

Cunl. 

Per cent. 

Per cent. 

68- 60® F. AvoiHge, * 

21 -.SI 

0-78 

376 

70”F. „ . . . . 

27-38 


5-30 

90“ r. ... . . . 

31-18 


7-OS 

96“ F. . 



9*16 

105® K .. 

58-105® F. Extreme variations, 


0*56 

8 1.'> 

42-62-17-86 


9*4^5-1-91 

i 


It is evident that brine salted butters may be recognised by their high 
water, high salt, and low curd content. 

(2) Water may bo fraudulently added to butter at the original chuniiug, 
by working the butter at a high temperature, or by using hot brine, or 
by working water or milk into the butter after immufacturo. This 
latter process was practised at one time to a considerable extent on 
the continent, and a large amount of milk bleudt'd butter is produced 
in London at the present time (1902). The addition of soda, peptone, and 
•'other substances to the mixture of butter and milk or water is said to admit 
of a much larger incorporation of water tliaii without these substances. 

Benno Martiny records the analyses of many so-callcil peasant-made 
butters in Germany, containing quantities of water varying from 21'36 to 
49-02 per cent., and one butter from Hamburg, in 1803, containing no less 
than 00 to 05 per cent. 

The milk blended butter sold in England may bo recognised by its pale 
creamy, greasy appeaianco, by its mioroscopfcal characters, its high water 
and high proportion of curd to fat. 

As a rule, butters, containing fraudnlontly added water have a dry 
granular apjiearanoe, and do not show any visible excess of moisture as do 
butters which have been badly manufactured. 

The Solids not Fat .—Those consist of proteids, milk-sugar and mineral 
sulistances derived from the original milk. The amount of these constit¬ 
uents left in the butter will vary according to the nature of the butter. 
Storch gives the following figures for butters from fresh creamProteids 
•64 per cent., milk-sugar -36 per cent., ash ‘14 per cent; from ripened 
cream, proteids '84 per cent., milk-sugar '39 per cent., ash ‘16 per cent. 

The amount of proteids and milk-sugar left in butters is of great im¬ 
portance, as the larger the quantity left in, the more quickly will the butter- 
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go rancid; thin butters, like milk blended butter, with an excessive amount 
of proteids and milk sugar, have to be preserved by the addition of boron 
or other prcBervative. 

§ UOl. Tub Ash. —Fresh and Salt Bidter — 

The ash should consist of common salt and a small amount of salts 
derived from the original milk. 

llutters containing less than 2 per cent, of common salt are usually 
classed as fresh or mild cured; those with more than 2 per cent, of salt, 
as salt butters. The quantity of salt usually found in salt butters is 4 per 
cent.; it may, however, bo as much as 9 per cent, in brine pickled butters. 
The ash will also contain borax, sodiitm silicate, or other added minerals 

§ 202. Preservatives. —The most common preservative added to butter is 
borax, either alone or mixed with boric acid. Dyer has found as much 
as TS.') per cent, cajpulated as boric acid, but the usual ({uantity is much 
smaller, i.e., about '1 per cent. Boron preservatives are also nearly always 
added to margarine, which usually contiiiu more than butter; '6 per cent, 
(calculated as boric acid) or more being quite common. 

The Departmental Committee on Food Preservatives, etc., 1901, reiiora- 
mended “(D) that the only preservative permitted to be used in butter and 
margarine be Iwric acid or mixtiu'es of boric acid aud borax, to be used in 
2 )roportious not exceeding •.’> per cent, expressed as boric acid.” All the 
preservatives mentioned under milk might be looked for in butter, but the 
only ones likely to be found besides borax aud boric acid are sulphites and 
nitrates. Kideal has found formalm, but it is now rarely, if ever, used. 
(The paper wrapjied round Canadian butter Bhii)pcd to England is some¬ 
times dijl[)od in a solution of salt and formalm.) J. F. Gcisler found 
iviraffln in margarine, and C. A. Cramidon 10 j)er cent, of glucose in a 
highly coloured French butter intended for exportation »o a hot climate 
{Janr. Anier. Chem. Soe., 1898, 207). 

Otto and C. W. Hehnor have very recently found a number of Brittany 
buttora ooutainiiig sudium fluoride in qniuititics varymg from about 1 to 4 
grains per pound. 

The detection of preservatives in hitter and margarine may be carried 
out by means of the methods described under milk (p. 234-240). The most 
convenient method of testing butter and margarine for borax aud boric 
acid is to molt a small quantity of the sample in a dish, add a few o.c. of 
water made acid with HCl, mix while warm, aud when the water has 
separated pass it through a wet filter aud apply to the filtrate the usual 
test with turmeric paper. 4 ^ 

Otto aud C. W. Hehnor, having observed that boric preservatives in 
the presence of fluorides render the usual test unreliable, suggest the 
following process:—The aqueous liquor is separated from 60 grms. of 
the butter, calcium chloride is added, the liquid boiled, and a small excess 
of sodium carbonate added to precipitate tb" calcium compounda The 
precipitate is filtered, burnt to an ash, and treated with hot dilute acetic 
acid; the residue is collected on a filter. Ignited, and treated with strong 
HjSOj in a platinum crucible. The crucible is covered with a waxed slip 
of glass, upon which a mark has been scratched. The crucible and its 
contents are gently heated upon a sand-bath for two hours. Distinct 
etching of the glass results in the presence of a fluoride. 

The estimation of preservatives in btfUer may be oanied out on the 
■ general lines already laid'down in the article on milk, the only difficulty 
being to get rid of fiie large amount of fat. Tms can usually lie aooom- 
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plished by shaking the melted fat with several quantities of hot water, or 
by obtaining the ash of 26 to 50 grins, of the sample, as in making a 
proximate analysi.s. 

For the. rapid estimoMm of boric arid in butter, Bichmond' and Harrison’s 
method * may bo used ;—Weigh out 25 grms. of butter in a beaker, add 
25 e.c. of a solution containing 6 grms. of milk-sugar and 4 o.c. N. sulphuric 
acid to 100 c.c.; place in the water-oven till the fat is just melted and 
stir well; allow the a(|ueous portion to settle for a few minutes and draw 
off 20 c.c; add a few droj;>s of phomlphthalein, bring to the boil, and titrate 

with^- soda till a faint pink colour just appears; add 12 ex. glycerol, and 

titrate till a pink colour appears. The difference between the two titrations, 
loss the amount of alkali required by 12 c.c. of glycerol, multiplied by 
0‘0308, will give tlio amount of boric acid in 20 c.c., qfid this multiplied by 
100 + perce nfe^^^ater ^.jj percentage. 

§ 203. Cotounng Matter of Butter and Man/anne. —The colouring 
matter of natural butter is the ‘ lactochromo,’ already described (p. 202). 

Many artificial colouring matters are also addcsl, the original object 
being, as it was with milk, to maintain an imiform colour diuing both 
winter and summer. It is now asserted that the public demand a liighly 
coloured article. Margarine is, of course, coloured in imitation of butter. 

The following colouring matters are said to have been added to 
butters:—Annatto, turmeric, saffron, safflower, marigold leaves, yellow wood, 
and carotin. Also the coal-tar colours—aniline yellow (amido-arn-beuzeue), 
butter yellow (dimcthyl-amido-azo-bonzenc), methyl-orange fdimethyl- 
amido-azo-bouzeno-Bulphonic acid), Victoria yellow (sodium dinitro-ortho- 
and para-cresols), and Martins yellow (sodium dinitro-napbthol). 

The only artificial colouring matters likely to be met with in butter at 
the present time are annatto and butter yellow (dissolved in cotton seed 
oil), or mixtures of these substances, turmeric, carotin, and possibly saffron. 
The most coimuon colouring matter found in margarine is butter yellow. 

The Detection of Colouring Matters in Butler ami Margarine. —The 
colouring matters may, as a rule, be extracted from the filtered fat by 
shaking with dilute potash solution ; the potash solution may then be 
directly tested for annatto and turmeric (see Milk, p. 241). It will some¬ 
times be found of advantage to dissolve the fat in ether and to shako 
the ethereal solution with the alkali. 

gutter yellow is not easily extracted from fat by alkaline solutions, but 
we have found that it dissolves in strong hydrochloric acid with a pink 
colour; if a fat containing butter-yellow be warmed and shaken with an 
equal volume of hydrochloric acid, a strong pink colour will bo developed, 
but will disappear on dilution. Wool heated in the hydrochloric acid will 
be dyed a magenta colour, turning to light yellow on washing with water, 
but becoming the original colour when again placed in strong hydrochloric 
acid. 

J. F. Geisler mixes the filtered fat with a little Fuller’s earth on a 
porcelain plate, when in the presence of certain coal-tar dyes a pink mass 
is obtained; we have not found this tost satisfactory. 

§ 204. 2. ExaminaMtm and Analysis of the Fat.—By far the most 
important process in butter analysis is the examination of the fat. The 

' Analyst, p. 179, June 1902. 
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data by which the analyst judges whether a butter consists of foreign fats, 
entirely or partly, are derived from—(a.) Certain simple tests; (6.) the 
melting-point; (c.) the angle of refraction; (li.) the specific gravity; (e.) 
viscomotry; (J.) acid value; {g.) Koettstorfer’s test; (A.) the relative 
j)roportiou of soluble and insoluble fatty acids; (i.) Rciohert-Wollny 
distillation process. For many of these tests the first requisite is a pure 
dry fat. This is easily accomplished by melting a sufficient quantity of 
the butter over the water-bath. In a short time the water, curd, and salt 
sink to the bottom, and the nearly pure fat can be pjured off. Should it 
not be clear, it must be filtered through filtering paper or glass-wool. 
This operation will necessitate the filter being kej)t warm in a siutable 
steam-jacket. 

§ 205. Certain Simple Teste. —(For the patterns assumed by solidifying 
fats, see tho 4th edHrion of this work, pp. 346-348; although of scientific 
interest, they have been found of little practical value, and are therefore 
omitted.) 

W. (1. Crook ’ hiis e,\perimouted upon the solvent action of carbolic 
acid on butter as compared w ith other fats. 1 grm. of purified butter-fat 
is put in a test-tube and liquefied, o.c. of carbolic acid solution (10 
acid, 1 water) are added, after which the mixture is shakeu, and then put 
on one side for a little time. If the sample is pure butter, it wholly 
dissolves; if beef-, mutton-, or pork-fat is present, the mixture will resolve 
itself into two solutions of different densities, with a clear line of demarca¬ 
tion. If beef-fat, the lower layer will occupy alxnit 49‘7 per cent, of the 
total volume; lard, 49’6; and mutton, 44*0. W. Leuz has also tried this 
process, Aid generally confirms the results obtained by Mr. Crook.® 

P. Casamajor {Ohem. xliv., 309, 310) lias proposed a novel mothwl 
of distuiguisliiug margarine from genuine butter. Pure butter at 15” has 
the same speeifie gravity as alcohol of 63*7 per cent., specific gravity = *926, 
and margarine as alcohol of 69-2 per cent., specific gravity = *918. Any 
butter, therefore, which is adulterated with margarine will float in alcohol 
of 63*7 per cent. In alcohol, 56*8 fsjr cent, (moan of 63*7 and 59*2), pure 
butter when melted sinks, margarine floats. In alcohol, 69*2 per cent., 
butter sinks, whether solid or fluid. Tho amount of adulteration is 
calculated as follows:—Determine the strength of alcohol, the same specific 
gravity as the sample, let it e.g. = 57 per cent., from it take 63*7 per cent., 
which is a constant, being tho butter expressed, as it were, in equivalent 
percentage of alcohol, and multiply the remainder by the reciprocal of tho 
difference between the strengths of alcohol of the same specific gravity as 
margarine and butter=(57 ~ 63*7) 0*1R=5*94 per cent, of margarine. 

Valenta’s Test. —By far tho most valuable simple test is the behaviour of 
butter fat with acetic acid; this is known under the name of Valenta’s 
test. The most accurate method of carrying out this test is that proposed 
by Chattaway, Pearmain, and Moor:— 

The butter-fat, melted and filtered at as low a temperature as possible, is 
further dried by filtration through a dried filter-paper. 2*76 gnus, of this 
fat are weighed into a stfippered test tul)o, and 3 0 . 0 . of 99*6 per cent, acetic 

* Jn^.ysl, 1879, nn. 

* ZeUsehriftfilr mnalyt. Okemie^ 1880,870. G. Husson {Compl. Brnd., Ixxxv., 718) has 
proposed an ancient test de|»ndinv on tho different solvent properties of alcohol tor 
margarine, etc.; and F. Filainger has a very similar method {Pharm,. Cmiral Hoik, 
xix., 42). Both these tests, however, are of little practiml value among such a nnmher 
of positive reaetians. 
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acid added. The tube ia placed in a beaker of water which is gradually 
wanned, until, on ahaking the tube, a clear solution ia obtained; the 
temjKjraturo is carefully noted. Several determinations should bo made. 
They obtained the following figures:— 

Maximum. Minimum. Average. 

Butter fat.39-0 2» 0 36 0 

Maigaiiuc, . . . ort) 94'0 95 ■0 

Tho acetic acid should, in all cases, be tried on a sample or sanijJes of 
genuine butter-fat; if this is done, no mistake will be nuide. Jean' relies 
rather upon the amount of acetic acid dissolved; he places about 8 c.c. ol 
fat in a gi’adualed tostetube, 1 c.c. in diameter, immersed in water of .'>0° 
C.; then removes the excess of fat by a pipette until the fat is exactly 
3 c.c. at DO” C.; then 3 c.c. of glacial acetic acid, specifc gravity I’ODfiD, are 
introduced, the acid being measured at 22° (I. ; the contents are warmed 
for a few minutes, tho tube corked and well shaken. The tube is then 
placed in the water at .DO” C., and the volume of undissolvod acetic acid read 
off. Niue samples of butter averaged C3’33 per cent, of acetic acid 
dissolved; margarines vary from 27 to 32 per cent. It is obvious that the 
turbidity test, and the amount of acetic acid dissolved can bo done on 
the same sample at the sumo time. 

M. Crismer^ has proposed a turbidity method under the name of “tlie 
critical temperature of dissolution,” which differs from the Valcnta test, 
hut is probably equal to it in value. About half a o.o. of the fdtored fat is 
introduced into a tube of small diameter; to this is added about 0’75 c.c. 
of alcohol; the tube is hermetically sealed and attached by means of a 
platinum wire to the bulb of a thermometer ; the bulb and tube are 
immersed in a small sulphuric acid liath, and the temperature slowly 
raised until the meniscus separating tho two layers beromes a horizontal 
plane. At this point tho thermometer and tube are withdrawn from the 
bath, and the two liquids mixed together by shaking tho tube with the 
thermometer; they are then again placed in the bath and the temperature 
allowed to fall, the thermometer with attached tube being shaken all the 
time. The moment in which there is a marked turbidity is noted, and this 
is considered the temperature of dissolution. Fourteen genuine butters 
gave from 98” to 102” C.; mean 100” C. Margarines varied from 122° to 
126” C. 

As margarine, as a rule, contains certain vegetable oils, valuable infor¬ 
mation may often be obtained by applying to the filtered butter-fat tho 
following tests:— 

(1) Dawhmvn!» Test, fully described in article on olive oil (vod.). 

The butter-fat should be shaken several times with hydrochloric acid to 
purify it, and only •! c.c. of a 1 per cent, alcoholic solution of furfural- 
dehydo used. Commercial furfnraldehydo should be distilled under 
reduced pres-sure before using. Tho reaction should take place at once. 

H. Woigmann * experimented with cows to which sesame cake was given 
in increasing quantities up to 3 kilos per day, but could obtain no reaction 
for sesam^ oil in the butter. C. Annato^ made some similar experiments; 
he, however, got what he considered a sesam^ reaction; his results have been 

* Chrps gras initutricls, 1892, xix., 4. 

9 Bull, de FAaaoc. Beige dee OhimisUa, ii., 1896 ; also abstract in Jnalyet, September, 

• Uildaeit. 1898, 629. * * dim,. CeiUr., 1901, ii., 8U. 
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contested by other chemists, and there can be no doubt that butters which 
give a sesame reaction are almost certain to contain margarine. 

(2) Beechi’e Test for cotton seed oil. Article on ‘olive oil’ (pouf.). 

The results obtained by this tost must be accepted with reserve, as butter 

made from the milk of cows fed on cotton seed cake may give a distinct 
reaction for cotton seed oil. 

(3) Wellman’s Test for vegetable oils (p. 315) may also be applied. 

§ 206. (h.) Tlie MeUing-Puint. —^Various methods have been proposed 
for the determination of the melting-points of fats. I’lie one used by most 
analysts is to take the melting-point in a fine tube. A piece of quill-tubing 
is drawn out, so as to make a tube about the diameter of a knitting needle, 
and from 2 to 3 inches in length. The fat is now drawn up to the extent 
of about an inch, and permitted to solidify. The tube thus charged is 
placed in some cold water in a small beaker, which is ‘ nested ’ in a second 
beaker, a little watef being between the tw'o, the inner beaker carrying 
also a thermometer. Heat is now applied, and the moment the fat runs up 
the tube the temperature is noted. A modification of this process ’ is to 
take a short capillary tube, blow a bulb on it, and while the bulb is still 
hot, plunge the open end into the melted fat; let it run up a short distance, 
and then solidify the fat by the application of cold. To take an observation, 
the tubes are placed in water, so that the bulb is uppermost; on melting, 
the fat nms up into the semi-vacuous bulb, and this rise is somewhat more 
edsily observed than in the simpler process. 

Another method is the employment of a little bulb weighted with 
mercjiry, so as to weigh from 3 to 4 grms.; the bulb rests on the surface of 
the fat in ft test-tube, which is immersed in a beaker of water provided with 
a thermometer, and the moment the bulb sinks is noted. A modification of 
this is the employment of a light float sunk to the bottom of the fat, and 
retained there until it is solid; on now applying heat, the float rises at a 
certain temperature, which is taken as the melting-point, ^'hese processes 
are not entirely satisfactory, and different observers obtain results which 
do not agree well, lleinhardt ^ takes the melting-point of fats as follows:— 
The fat is drawn up when melted into a fine 



to the surface of the water. 

Disc Method of taking Melting-Paints.—k method of taking melting- 

1 0. Kellner, ZeUschHflfOr anal. Ohem^, xk., 1. 

* Bepert, ami, Chem., 1886. * 
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points, adopted by the American Association of Official Agricultural Chemists 
at their meeting in Clucago, 1893, is thus described:'— 

'I'he apparatus for doterminiug the melting-point consists of (1) an 
accurate thermometer for reading easily tenths of a degree; (2) a catheto- 
moter for reading the thermometer (this may be done with an eye-glass if 
held steadily and properly adjusted; (3) a thermometer; (4) a tall beaker- 
glass 35 cm. high and 10 cm. in diameter; (6) a test tube 30 cm. long and 
3'6 cm. in diameter; (6) a stand fur supporting the apparatus; (7) some 
method of stirring the water in the beaker; for cxamjde, a blowing bulb 
of rubber, and a bent glass tube extending to near the bottom of the 
beaker; (8) a mixture of alcohol and water of the same specific gravity as 
the fat to be examined. 

The discs of the fat are prepared as follows:—The melted and filtered 
fat is allowed to fall from a dropping tube from a height of 15 to 20 cm. 
on a smooth piece of ice floating in water. The discs thus formed arc from 
1 to 1'6 em. in diameter and weigh about 200 mgrms. By pressing the ice 
under the water the discs are made to float on the surface, whence they 
are easily removed with a steel spatula, which should bo cooled in the ice 
water before using. 

The mixture of alcohol and water is prepared by boiling, in two separate 
vessels, distilled water and 95 per cent, alcohol for ten minutes to remove 
the gases which they may hold in solution. While still hot the water is 
poured into the test-tube already described until it is nearly half full. 
The test-tube is then nearly filled with the hot alcohol. It should be 
poured in gently down the side of the inclined tube to avoid too much 
mixing. If the tube is not filled until the water has cooled, the niixture will 
contain so many air bubbles as to be unfit for use. Those bubbles will 
gather on the disc of fat as the temperature rises and finally force it to the 
top. 

The test-tube containing the alcohol and water is placed in a tall beaker 
containing water and ice until cold. The disc of fat is then dropped into 
the tube from the spatula, and at once sinks until it reaches a part of the 
tube where the density of the alcohol-water is exactly equivalent to its 
own. Here it remains at rest and free from the action of any force save 
that inherent in its own molecules. 

The delicate thermometer is placed in the test-tube, and lowered until 
the bulb is just above the disc. In order to secure an even temperature 
in ^11 parts of the alcohol mixture in the vicinity of the disc, the thermo¬ 
meter is moved from time to time in a circularly pendulous manner. 

The disc having been placed in position, the water in the beaker-glass is 
slowly heated, and kept constantly stirred by means of the blowing apparatus 
already described. 

When the temperature of the alcohol-water mixture rises to about 6° O. 
below the melting-point, the disc of fat begins to shrivel, and gradually 
rolls up into an irregular mass. 

The thermometer is now lowered until the fat particle is even with the 
centre of the bulb. The bulb of the thermometer should be small, so as to 
indicate only the temperature of the mixture near the fat. A gentle 
rotatory movement should be given to the thermometer bulb. The rise 
of temperature should be so regulated that the last two degrees of increment 
require about ten minutes. The mass of fat gradually approaches the 
form of a sphere, and when it is sensibly so, the reading of the thermo- 
fOhm, Nem, June 22, 1894. 



§ 206,] ANALYSIS AND ADULTERATION OE BUTTER, 283 

meter is to be made. As soon as the temperature is taken, the test-tube 
is removed from the bath and placed again in the cooler. A second tube, 
containing alcohol and water, is at once placed in the bath. The test-tube 
(ice water having been used as the cooler) is of low enough temperature to 
cool the bath sufficiently. After the first determination, which should Iw 
only a trial, the tomperature of the bath should be so regulated as to 
reach a maximum of aliont C. above the melting-point of the fat under 
examination. 

The distilled water for floating the piece of ice on which the discs are 
made should be recently boiled, to free it of all air particles. 

The edge of the discs should not be allowed to touch the sides of the 
tube. This accident rarely happens, but in case it should take place, and 
the disc adhere to the sides of the tube, a now trial should be inaile. 

1’riplic.ate determinations should bo made, and the second and third 
results should show if near agreement. ' 

Melting-point of sample of butter:— 

first trial. -js 0. 

Second trial.33“‘05 C.' 

Third trial.33°'00 C. 

The following raelting-pfrints are taken by the old methods, and .are 
somewhat high, but are given as the values iisnally iiecepted:— 


Murgaiine, 

31”-3 C. 

Cocoa butler, . 

. . . 34°'9C. 

iiuttor (bveiuge), , , 

. . . 36°-8 0. 

Bcof-dripping, 

43°-3 0. 

Veabdripping, 

47°-7 0. 

Mixed. .... 
Laid, from . . ; 

42“-6 0. 

. , . 42“ to 45“ C. 

Ox-fat, from about . 

48"So 63°-0 0. 

Muttoii-fat, from . 

. . . 50"to61“-6C. 

Tallow,, .... 

. . . 63“ *3 C. 


It hence follows that a low melting-point indicates the probable presence 
of margarine, especially that which is partly manufactured from a concrete 
oil, obtained from the seeds of Oareinia Indica, and is known under the 
name of Mangostoen oil, or kokum butter. A higher melting-point 
indicates, as a probable adulterant, dripping, lard, or other animal fat. 

The Tiier Ted.—A melting-point methS, which gives useful results, is 
the ‘ freezing ’ point of the fatty acids; unfortunately it requires consider¬ 
able material. At least 50 grms. of the butter-fat are saponified, the fatty 
Mids separated and allowed to solidify; the acids are melted and pou^ 
into a test-tube 16 cm. long and 3'5 cm. wide, filling the tube half full. The 
tube is put into the neck of a suitable fi isk, and a Beckman’s' thermometer 
inserted; when the mass begins to clou^ the thermometer is given a 
rotatory movement, and the mercury watched. At first it falls regularly, 
then st< ps, and gradually rises one or more tenths of a degree, to again 
stop, and then fall as before. The last stationary point is called the ‘ titer ’ 
or solidifying point. 

It is advisable in all the above processes to allow the melted bntter or 
fatty acids, os the case may be, to ‘ set ’ a definite time previous to the 

■ Since Beckman’s thennometor only contains five degrees divided into tenths, it 
quires adjusting to within two degrees of the probable melting-point, and should not bo 
inserted until the &t is about that temperature. 
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dotermimtioD. Tlie same fet melted and cooled will give two or more 
melting-points, if snoh melting-points are determined at difterciit intervals 
of time, it is best then, in all cases, to prejjaro the fata one daj and 
determine the melting prunts on the following day. 

§ 207 (c) if pplication of the Refrwtometer to the Testing of Butter fai. —J. 
Skalwcit* has made some determinations of the angle of refraction of 
various fats, and believes there is a sufficiout difference between the angle 
of margarine and pure butter to enable substitutions and adulterations to 
bo detected; he uses an Abbe’s refractometer. The fat, kept for some 
time at 20“ C., is spread out on a watch-glass, and covered by a piece of 
Swedish fdtor-iiaper; the fat is absorbed by the paper, and a clear grease 
spot forms in the centre. The grease spot is applied to the edge of the 
Nicol prism to whieh it readily adheres; the apparatus is closed, and the 
angle estimated at 20° C. The following results are given :— 


Watftr, .... 
Olein, from oommcroiul 

1-333 

oleic acid, . . 

1 -iGsri 

Oleic acid, at 17", . 

l-«38 

Do. at 20", , 

1-463D 

Genuine butter, 

1-4662 

Do. . . • 

1-4058 

Cocoa butter, , 

1-4680 

lim'd, .... 

1-4690 

Margarine, Ist quality, . 

1-4692 

Du., 2ud ,, 

1-4720 

Do., 3rd „ 

1-4796 

Do., oa, . 

1 -4680 

Do., 

1 -47121 

Do., 

1-4693 

Dfk , a a a 

1-1698 

Do., 

1-4698 

Do. , . . a 

1-4788 

Kcfiiied cotton-Bced oil, . 

1-4748 

Guide ,, „ 

1-4732 

Cuddiver oil, . 

1-4801 

Linseed uil, 

1-4835 


Hanoverittn maiiurMitm-o. 


English make. 


The authors have made a number of determinations of angles of 
efraction by Abbe’s instrument. The apparatus was enclosed in a copper 
ir-bath, open at the top, but provided elsewhere with double walls, between 
which were placed glycerin and water; the boxing was completed by a 
cover of caoutchouc, in which a slit was cut to allow of the eyepiece 
protruding through; a small window in the copper box admitted light to 
the mirror. By carefully heating this copper toth, the whole instrument 
could be maintained at any desired tempeiature. 

It is ncitlior advisable nor necessary to place the drops of fat on filter- 
paper, it is best to examine a tliin film between the prisms themselves, the 
edge of the shadow is then sharply defined. By means of the long arm, 
called by the inventor the ‘ alhidade,’ the shadow is adjusted so that its 
bwrder is exactly coincident with the cross lines, and this field is made 
colourless by working a milled head which regulates and meastires the 
dispersion. These operations the authors perform in the copper air-bath 
itself, and if afte* 16 minutes’ interval at any desired temperature there is 
no further change in the refraction, the instrument is removed and the 


1 Abbe’s refraotometer is tolly described in “Neue Apparsta sat Bestimmung dee 
Brechungs- n. Zerstreuuiiga-venniigens fester u. flttssiger Koriier.” Von Dr. £. Abbe: 
Jena, ISf-t. A more modern aid better inetrament is that of Zrass, described at page 286, 
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index read. To ensure accuracy a second observation is desirable, and the 
mean of the two taken. 

'J’he best temperature for observation the authors conclude to be the 
same one at which the specific gravity is taken, vis., 38° C. At that 
temperature the most uniform results were obtained, and this temperature 
gives the necessary data for the calculation of what Dr. Gladstone has 
termed thn fpeeific refractive energy, i.e., the angle of refraction, minus 
unity, divided by tlie density. 

In the following tables the angle of refraction, the specific refractive 
snergy, and various other data are given as determined from genuine and 
idultoratcd butter-fats. 


TABLH XXI. —The Anolk or Refuaot:on, SrEoirio Rbfeaotion, Mki.tino- 

PoiNT, Sl’EOIFIe (iBAVITF, AND THE ReSUI.TS OF THE REIOHEBT AND 
KuEXrsTOKFEK TesTS AS KEl'ItESENTKD IN 33 GENUINE BoTTEBB. 

_ • __ 


An^lo of 
ilcfractlon 
al38’. 

Specinc 
Keiractioii 
(i. 0 ., AukIc of 
Kefractiun,-! 
divided bj 
deuBity). 

Hpedlic 
(Gravity, at 
88“. 

Melting* 

Point. 

c.c.’h of d. n. 
Alkali used in 
Aelchert’s 
Test.i 

Koettatorfer's 

Mgrma. of 
KHO used. 

1-4543 

•49838 

•91168 

31°6 

14-4 

226*0 

1-4665 

•60037 

•91233 

31-2 

14-9 

229-0 

1 -4670 

•50145 

*91138 

30*3 

13*9 

223-6 

- 1-4556 

•51094 

•91246 

32-0 

15-3 

224-1 

1 -4570 

•50147 

*91134 

31-6 

14-3 

224-1 

1*4675 

•50165 

•91217 

81-4 

13*6 

221*2 

l-46Ci 

•50088 

•91079 

31*6 

14-1 

220-6 

1-4668 

•49969 

•91217 

30-7 


223-7 

1-4575 

•60174 


83-6 

18-9 

221-2 

1-4565 

-.50018 

•91266 

35-0 

15 •S 

224-4 

1-4565 

•60004 

*91293 

33-0 

14-A 

222*9 

1*4560 

-49944 

•91310 

32*0 


234-0 

1-4670 

*50051 

•91290 

82 •S 

16^2 

231-4 

1-4675 

•50068 

•91378 

33-0 

16-7 

234-4 

1-4570 

•60097 

•91225 

33 ^6 

13-8 

233-3 

1-4566 

•61071 

•91266 

33-5 

16-5 

229-6 

1-4566 

•49962 

•91369 

34-5 

16-6 

234-9 

1-4655 

•49918 

•91261 

30-5 


227-6 

1-4655 

•49887 

•91307 

35-0 

wo 

233-3 

1-4566 

*49900 

•91291 

35-0 

14-9 

227-2 

1-1.566 

•49937 

•91256 

33 •& 

16-4 

229-6 

1 -4555 

*49890 

•91303 

35-0 


231-5 

1-4566 

•49987 

‘91124 

36-0 

14-4 

2*23*1 

1-4556 

•49910 

•91264 

31 •O 

16-3 

232-9 

1-4560 

-49987 

•91222 

34-8 

16-8 

234-2 

1*4568 

•57286 

•91235 

32-6 

16-1 

234-4 

1-4660 

•49670 

•91276 

S2-5 

16-6 

235-2 

1-4660 

•60023 

•91166 

38 •O 

18-6 

233-8 

1-4662 

•60066 

•91138 

38-4 

13-8 

226-7 

1-4.566 

•50012 

■91277 

S2-0 

16-0 

231-9 

1-4660 

•51140 

•91286 

81 ^5 

15-4 

232-1 

1-4570 

•61270 

•91214 

33'3 

16-0 

280-9 

1-4655 

•61061 

•91286 

33-2 

... 

233 7 

Mai. 1-4675 

•61270 ■ 

■91378 

359 

169 

2329 

Min. 1-4543 

•49887 

•91079 

30-5 

13-3 

2209 

Mean 1-4662 

-50212 

91234 

329 

148 

232 0 


* To oonvert these nnmbets into sppruEimate Reicliert-WoUny values they must be 
muItipUed by 2. 
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Exampi.bs of Low-oiass Aun Adui,tkbatkd Bottsbs. 


Anglo of 

ttt 88‘ 0. 

speciflu 

K«fvactiun. 

Bpectftc 
Orftvlty, at 
88“ f. 

MulUng- 

l*UUlt. 

c.c.'b of d. n. 
Alkali UBod in 
Eeioheri'a 
Tciit. 

Roettstorfor's 

Test. 

Mgrms. of 
KUO tuod. 

>1'4.677 

'50256 

•91073 

29°'8 C . 

12-0 

230'7 

’‘1'4585 

-50422 

•90982 

29-0 „ 

7-4 

218-9 

n '4680 

•60293 

•91066 

80 0 „ 

11-4 

226'8 

<1-4624 

-61050 

•90678 

26-0 „ 

2*8 

199-4 

'1'4.60.6 

-60.660 

•90902 

26'6 „ 

7-7 

212-8 

“1-4582 

-50343 

•91016 

27-0 „ 

9-7 

218*4 


The angle of refraction in milk-fat, as extracted by other, and gonuino 
butters, varies from a maximum of l’4-')75 to a minimum of 1'4643 at 38° C.; 
the mean is 1'45G2, and the average specilic refractive energy is ‘502. 
The refractive angle of margarine is always above 1'4620, generally 1‘4639 
or r4640, at 38 . A mixture of 60 per cent, by weight of margarine 
(specific gravity '90578, melting-point 25°'6 C., refractive angle 1'4624) and 
50 per cent, of butter (specific gravity '91073, melting-point 29”'8 C., 
refractive angle 1'4577) gave an angle of, at 38° C., 1'4595, to which a 
genuine milk-fat may attain; the same materials, mixed in the proportfon 
of 25 j)cr cent, of margarine and 76 per cent, of butter, gave 1'4582 as the 
angle at 38° 0. 

Hence it is certain that to the analyst the refractometer lias som^ 
utility, although it will not assist much in the e.aRO of moderatoemixtures ^ 
but what may be said is that a butter at 38° C., liaving an angle at or below 
1'4570, is almost certain to be genuine, but above tlmt angle is probably 
adulterated. 

§ 207a. ZetV Sutj/ro-refrndomHer .—This is an instrument which is now 
largely used for the rapid examination of butter, margarine, lard, and other 
fats. It is constructed upon the same principle as Abbe’s refractometer; 
the prisms are, however, provided with a jacket through which water is 
passed, the temperature being indicated by a thermometer. (See fig. 35a.) 
To make a reading the prisms are opened, tf drop of the filtered fat is 
placed on the surface of the lower prism. The prisms are closed, and a 
I'eading taken either by onlinary light or better by the sodium light. The 
temperature is read off, and the reading corrected to any desired tempera¬ 
ture, by adding or subtracting '56 scale degrees for every 1“ C. Thus, if 
the scale reading at 35° C. be 47°, and it is required to know the scale 
reading at 40“ C., '55 x 5 must be subtracted from the reading at 36° C., 
or if the reading at 45° C. bo 41, the reading at 40° C. will be 41 -P '65 x 5, 
or 43'76 scale divisions. 

Genuine butters give, as a rule, readings under 44° at 40° C., with an 
average reading of about 43°; should higher values than these be obtained 
foreign fat may be present; should a low value bo found cocoa-nut oil may 
be present. Margarine has at 40° C. a value of about 49°, and cocoa-nut 
oil about 38°. 

' A low-dass butter. 

* An adulterated butter, for which vendor was prosecuted and fined. 

* A low class butter, probably adulterated. < Margarine. 

* 80 per cent margarine, No. 4, and 60 per cent of low-class butter, No. 1. 

‘ 28 per cent margarinb. No. 4, and 76 per cent of low-class butter. No. 1. 
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The following table by A. L. Wiiiton and A. W. Ogden gives the' 
relationship between the Zeiss reading and the refractive index:— 


KEPKACTIVE iNDtCES ColtRESPONDrNG TO EeAMNOS OP THE 
Zeiss BuTviio-KEPKAomMETEu. 


Beatiinff. 

Befractlve 

Index. 

Beading. 

Eefractive 

Index. 

Beading. 

Bcfi'active 

Index. 

40-0 

1-4624 

US'S 

1-4616 

67-0 

1-4704 

40-5 

1-4527 

54-0 

1-4619 

67-6 

1-4707 

41-0 

1-4531 

64*5 

1-4623 

68-0 

1-4710 

iVH 

l-4.''i34 

65-0 

1-46-26 

68-5 

1-4713 


1-4638 

5.5-5 

1-4629 

69 0 

1-4717 

42*5 

1-4541 

56-0 

1-4633 

69*5 

1-4720 

48 0 

1-4045 

66-5 

1*4636 

70-0 

1-4723 

43-f. 

1-4.548 

67-0 

1-4639 

70-5 

1-4726 

44 0 

1-4562 

67-6 

1-4642 

71-0 

1-4729 

44'6 

1-4555 

58-0 

1-4640 

71-6 

1*4732 

4.')-0 

1-4.7,58 

68-5 

1-4649 

72-0 

1-47.35 

4S'5 

1-4662 

69-0 

1-4662 

72-5 

1-4738 

46-0 

1-4595 

69-6 

1-4656 

73-0 

1-4741 

46-B 

1*4569 

60-0 

1-4669 

73-6 

1*4744 

470 

1-4672 

6(»-5 

1-4662 

74-0 

1-4747 

47-6 

1 *4576 

61*0 

1-4666 

74-6 

1-4760 

48-0 

1-4679 

61-6 

1-4669 

76-0 

1-4763 

48'5 

1*4683 

620 

1-4672 

76-5 

1-4766 

49'0 

1 4686 

62*6 

1-4676 

76-0 

1-4769 

49-5 

1-4590 

63*0 

1-4678 

76-6 

1-4762 

60*0 

1*4593 

63-6 

1-4681 

77-0 

1-4765 

SO'g 

1”4596 

64-0 

1-4686 

77-6 

1-4768 

m-o 

1-46U0 

64-5 

1-4688 

78-0 

1-4771 

61’6 

1-4603 

65-0 

1-4691 

78-6 

1-4774 

62-0 

1-4606 

65-5 

1-4694 

79-0 

1-4777 

62’6 

1*4609 

66-0 

1-4697 

79-9 

1-4780 

63 0 

1*4613 

66-6 

1-4700 




§ 207i>. The Oleo-Refrndometer of MM. Amagat and This is a 

more oonveuient and better instrument for observations on fats than 
ordinary rofraetometers, the differences between butters and margarines 
being greater. The centre of this instrument (fig. 36) consists of a circular 
reservoir made of metal, B B, closed by two plates of glass in front of two- 
lenses, E and K', the one lens belouging to the collimator tube, S, and the 
other to the telescope tube, S'. In the middle of this reservoir is placed a 
receptacle in the shape of a prism, its glass sides having an angle of 107”. 
In front of the field glass of the telescope is a photographic scale, H 
(shown enlarged at K), and there is an adjustable shutter placed vertically, 
so arranged as to divide the luminous field into two parts, the one bright, 
the other in shadow. The readings of the apparatus are made from the 
edge of the shadow. If in both reservoirs is nlaced the same liquid at the 
same temperature, then the ^adow occupies the zero of the scaie; but if a 
different liquid bo placed in the inner prism, there will be, according to its 
nature, a deviation eithbr to the right or left, the amount of the deviation 
being appreciated by the numbers on the scale. The makers supply a 
typical oil having no refraction, by means of which the instrument is set j 

.1 Ladan Bockairy iu Oh. Qiiard and A. Onpi^’a Analyts da MMU/ra Alimentaint,' 
Paris, 1891; also Miiter in Analyst, May 1890. 
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this oil is put in both receptacles, the temperature adjusted to 22' C., and 
the shutter moved so as to mark zero. The oil is now run out of the 



Fio. 35a. 

prism, and replaced by the oil to be tested. Solid fats, such as butter or 
lard, are test^ at a temperature of 45° C. In all cases the oil or butler 



Flo. SB.—^Amagst and Jean’s Oleo-Hefractomer. 


is to be freed from free fatty aeids. The butter is melted, and filtered, 
shaken up with a little pov«lcred gypsum, the gypsum is allowed to settle, 
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and the fat is then filtered again, and poured into the prism. The fat 
should never be heated above 50° C. The rule is that vegetable oils and 
fats rotate to the right, animal oils and fats to the loft. Thus— 


Olive oil, 

. -P 1-8 to 2 

Colssa ,, 

. -1-16-0 to 17-5 

Ground nut oil, , 

. + 4-6 

Sesamootl, . 

. -H7 

Cotton „ 

. -P-iO 

liinsecd,, 

. -P63 

Castor „ 

. -P40 

Hempseed oil, 

. +S3 

Poppy 

. +30 

Almond 

. + 6 

Ja]K)nica ,, 

. +50 


Neatsfoot oil, 

. - 3 

Horsefoot ,, 

. -12 

Lard, 

. - 12-5 

Hoof tallow, 

. -16 

Mutton, ,, 

. -20 

15ntter*fat, | 

-■26 to-34 
average about -30 

Mai'j^ai'ine, 

. -16 


Cocoa-nut oil deviates to the left like 
an animal fat; it deviates some SB". 


§ 208. (if.) Specific, (jfmviij /.—One method of obtaining the specific gravity 
of butter-fat is to fill a counterpoised specific gravity bottle, provided with 
a thermometer stopper, of 50 to 100 gnns. capacity, with water of 35° C. 
(95° Fahr.), and immerse it in a beaker of water of alwut 43° C. (109°-4 
Kabr.). Uy thus heating the specific gravity bottle by a liquid which is 
falling in temperature, the w'ater in it can be brought exactly to 37°'7 C. 
(100° Fahr.), at which temperature the bottle is taken out, slightly cooled 
and weighed; and in this manner the weight of that particular bulk of 
water at 37°‘7 C. (100° Falm.) is obtained, and this value used for the subse- 
'quent operations. To take the specific gravity of the fat, the pure filtered 
fat, at 3S° C. (95° Fahr.), is poured into the clean dry bottle, and the exact 
process just detailed followed. Latterly many chemists have preferred to 
take the specific gravity at 100° C. Butter, as compared with water at 
15° C., has a specific gravity at 100° 0. from 0’866 to 0’jl686; margarine 
0-859 to 0-863. 

Skalweit has found that the greatest difference in specific gravity is to be 
found at the temperature of 35° C., and therefore recommends the specific 
gravity to be taken at that temperature; thus, butter-fat at 100° C. had a 
specific gravity of 0-8672, margarine 0-8598—a difi'ereuce of -0074; but at 
35° C. the butter specific gravity was 0-9121, the butterine 0-9019—a 
difference of -0102. Specific gravity at 100° C. may be taken either in a 
specific gravity bottle or by means of a Westphal’s balance, but boat of 
oil by a Spi-engel tube. In a former edition of this work Mr. Wigner’s 
propose' a use specific gravity bubbles was mentioned; in butters of 
0-911 B). .10 gravity (at 38° C.) a bead of specific gravity 0-889 slowly 
sinks at 63° C.; but the process is not sufficiently accurate to have found 
favour among analysts. 

The specific gravity, as first pointed out by Mr. Bell, of Somerset 
House, has a direct relation or oorrespondenoe to the percentage of insoluble 
acids, a fact, it must be remembered, only applicable to pure unadulterated 
butter-fat. Thus— 


Hpeoifio Qravlij’ 
at87'*7 C. 


aoO' F.). 
*91882 
‘91846 
*91887 
*91290 


Actual Insoluble 
Acids Found. 
Per cent. 
87-47 
87-89 

87- 98 

88- 48 


Specifia Gravity 
tttS7*-7C. 
(IIKT F.). 

-91286 

-91276 

-91268 

-91246 


1 Muter, Analyst, 1., p. 7, 1^77. 


Actual Insoluble 
A<'ids Foimd. 
Per cent. 
88*52 
88*62 
88‘80 
. 8B-00> 
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The fats used for the adulteration of hutter are of low density. Vege¬ 
table butteriue has a specific gravity ’90294, dripping -90659, so that a 
low specific gravity at 37’7° C.—that is, anything below ’911011—is strongly 
indicative of foreign fat. 

§ 209. (e.) Tli$ Viseometry of BtUter. — Killing * has described an 
apparatus for taking the viscometry of butter; it essentially consists of a 
50 C.C. ])ipclte, provided with a thermometer within the pipette, and a glass 
cylinder which acts as a jacket to the pipette and enables the contents to 
1 m3 maintained at a suitable temperature. The cylinder is also provided 
with a thermometer. The butter-fat, properly clarified, melted, and brought 
to a temperature of 40°’5 C., is sucked up into the pipette above the mark, 
then water at 42° C. is poured into the outer jacket, and the butter-fat, when 
both thermometers stand at 40° C., run down to the mark, so as to measure 
exactly 50 o.c.; then the tap of the pipette (which is at the top, not at thi^ 
bottom) is opened wide, and the time accurately noted which the butter 
takes to run into a beaker to a mark below the body of the pipette; this 
is compared with the same qu.antity of water at 20° C. run in the same 
manner from the same cylinder, water being taken as 100; thus, if a 
butter-fat took 222 seconds and water 80’33 seconds, the calculation is— 

Various margarines gave a mean time of 4 minutes 12’77 seconds,, 
equal to a visoosity,^umber of 314’7; various butters, a mean time of 3 ' 
minutes 43’76 seconds; mixtures gave proportionate numbers. Lard and 
beef-fat both took a longer time than margarine. By carefully standardis¬ 
ing a particular pipette for water, for margarine, and for pure butter, tliis 
process may give useful results. 

K. Brulle ® distinguishes butter from margarine by treating 5 c.o. of 
the clarified fat at 130° C. with a little pumice-stone and 8 drops of fuming 
nitric acid, the whole mixed and heated for twelve minutes; it is then 
cooled to 21° C., and, after one hour, tested in an ‘oleo-grammeter,’ which 
Bonsists of a rod gliding on a bearing, and surmoniitcd by a little table on 
which weights can be placed. On an average, 250 grms. are required for 
pure butter, and 6000 grms. for margarine, mixtures giving intermediate 
^ures. Should this process be used, each analyst bad better obtain' his 

standard. 

^ § 210. (_/i) TAe Acid Value .—The acid value of a fat is the number of 
millij^mmcs of potassium hydrate required to saturate the free fatty acids 
in 1 grm. of the fat. This becomes of importance in the examination of 
rancid butters, but in butters which are not rancid it is seldom estimated. 

A weighed quiintity of the melted, filtered, clear butter-fet is heated on the 
water-bath with a mixture of 2 parts of ether and 1 of alcohol, until a 
perfect solution is obtained; pbeuol-phthalein is added, and then the 
solution is exactly neutralised by decinormal alkali Thus, 10 grms. of 
butter-fat, dissolved as above, required for neutralisation 3 c.c. of decinormal 
potash ; since each c.o. of d. n. potash is equal to 6’61 mgrms. of KOH, it 
follows that the 3 c.o. are equal to 16’83 mgrms. of KOH.; therefore, as 14, 
grms. were taken, the acid value is one-tenth of this—namely, 1-683 mgrms. 

* With the weeplion of ooooa-nnt, cotton seed, arsohis, and sesame oila 
‘ angewemdie CJiattie, 1884 and 1896. 

* CompUa Mendta, 1893, oxvi., 1S96. 
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§ 211. (g.) Direct Titration of Butter by Alcoholic Potash .—This 
elegant teflt was first suggested by Dr. Koettstorfer, and is a general 
method more or less applicable to all fats, but especially suited to butter- 
fat, for most other fats contain only the higher fatty acids; as the lower 
acids have a smaller molecular weight, butter must contain more molecules 
of acid than equal weights of another fat—in other words, requires more 
potash for saponification. Koettstorfer used semi-normal hydrochloric acid 
and an alcoholic solution of potash, this alkaline solution Mug about the 
same strength as the acid; ^ the indicator was a dilute alcoholic solution 
of pbonol-phthalein. From 1 to 2 grms. of the purified filtered fat are 
weighed in a tall beaker of about 70 c.c. capacity, 26 c.c. of the potash 
solution are added, and heated on a water-bath.^ When the alcohol is 
nearly boiling, the mixture is stirred with a glass rod till all the fat is 
dissolved, which dqes not take more than a minute. The glass rod is 
washed with a little alcohol, and the beaker covered with a watch-glass, 
aud heated further for fifteen minutes, in such a manner that the alcohol 
does not boil too violently. At the end of the quarter of an hour, the 
watch-glass is washed with spirit, and the alcoholic solution is stirred for 
one minute longer with the glass rod before used, so as to saponify any fat 
that may still adhere to it. The solution is now taken from the wivter- 
■^th; 1 c.c. of an alcoholic solution of phenol-phthalein added, and it is 
titrated hack with semi-normal hydrochloric acid. The exact point is very 
sharply indicated by the phenol-jihthaloin changing from a crimson to a 
^yellow. (This reagent is very sensitive to COjj it is therefore bettor to 
use a flask than an open beaker.) Thirteen butters treated in this way 
by Dr. Koettstorfer used for every grm. of fat from 221'5 to 232'4 mgrms. 
of KHO. Thirty-throe genuine butters examined in one of the authors’ 
laboratory gave as a maximum 232’9 mgrms., as a minimum 220’6 mgrms. 
KHO (see Table at p. 285). < 

On the other hand, there is a wide difference between this amount and 
that required by other fats, the following being about the saturation 
capacity in mgrms. of potash for 1 grm. of various fats:— 


Oleo-marj^arine, . 

Pntnsli KHO. 
Idilligraiumve. 
I»rf6 

Beef-dripping, 

. . . 196-5 

Tallow. 

196-8 

Latti from kidue>s, 

195-8 

Laid from uiiHiiioked bacoti, . 

196-7 

Commercial lard, . 

. , . 19rr0 

Dripping, . 

197-0 


Or if the suggestion of Mr. Allen * be accepted, aud the results be translated *'1 
into equivalents of the fat by dividing 56'1 by the grma of potash, the , | 


results are as follows— 

Oleo-margsrine, . , 

Beef-dripi)ing, 

',’?;»uow. 

Vitd from kidneys, 
hard from nnsmoked bacon, 
Conuneroial lard, . 

Mutton dripping, . 


288-5 
285'6 
285-1 
288-5 
. 286-7 

287-1 
284-8 



> The relation of the acid to the alkali must be very carefully determined by aeveial -.'-ip 
blank experiments. 

• A naek and inverted condenser may be need while the saponinoation u proceeding.. 

» Analyst, 1879, 182. ' ;.A4 
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The chief convenience in expressing the number in equivalents is, that 
it then becomes a matter of indifforenoe whether potash or soda * is used 
for the saponification. The practical question in the use of this test is; 
what is the lowest limit above which a butter may be passed as genuine, 
but bolew which it will be necessary to exaraiue the butter by other 
means 1 The general opinion of analysts as to this point is, that butter- 
fat, 1 grm. of which uses loss than 226 mgrms. of KHO (equivalents 
24S'2), is probably adulterated. The formula for calculating the amount 
of admixture which has been proposed is 

(227-7»)x3T7=x, 

X being the percentage of admixed fat, n the number of mgrms. of potash 
used. 

§ 212. (h.) The Deenrnposition of the Fat into" Fatty AeiJe anil 
Ohjeerin .—This is effected by saponifying with an alcoholic solution of 
potash, decomposing the soap with sulphuric acid, washing the subsequent 
fatty acids with water, titrating the soluble, and weighing the insoluble 
acids. The details of the process have been so siinjilified by successive 
improvements, tliat what was formerly a tedious and even difficult opera¬ 
tion is now moderately speedy and simple. The solutions resjuisite are as 
follows;—2 

(1.) Approximately semi-normal alcoholic potash solution, 28 grms.'. 
roughly weighed, of KIIO, dissolved to a litre with alcohol (specific gravit^ 
•840). 

(2.) Approximately semi-normal sulphuric acid— i.e., 25 grms. of the 
strong acid to the litre.® 

(3.) Dcoi-normal soda solution of exact strength, most conveniently 
made by dissolving metallic sodium in water, in the exact proportion of 
2’8 grms. to the litre. [1 o.c. equals '0088 of butyric acid.] 

It is necessary to know with the greatest exactitude the relationship 
between the potash and the sulphuric acid solution; the exact quantity of 
alcoholic potash that is to bo usm in the analysis is delivered from a 25 c.c. 
or 50 c.o. pipette, as the case may be, pheuol-phthalein solution added, and 
then titrated by the acid. It is also necessary to know the relationship 
between the d. n. soda and the sulphuric acid, which must be found in the 
usual way. 4 to 6 grms. of the pure dry fat are weighed by difference 
into a flask, and 50 c.o. of potash solution added; the flask, closed by a 
glass marble, is now heated on the top of the water oven, and by occasion¬ 
ally giving it a rotatory motion, saponification is complete under the hour 
at the low tomiierature of 50° C. 

The senior author does not himself follow the above process, but uses the 
strong small assay flasks recommended by Dr. Duprd. These flasks are of 
about 70 c.c. capacity, and with rather long narrow necks, the whole 
capable of bearing considerable pressure. 4 to 6 grms. of the fat are 
poured into such a flnsff) 25 c.c. of potash solution added, well corked with 
a caoutchouc stopper, which must l)e secured by string and strong linen or 
canvas, and then the flask suspended in the boiling water of a water-bath. 

1 It is scatoely necessary to add that should soda be used, then 40, the equivalent of 
soda, must be divided by gnus, of the alkali used. 

> “ Butter-Fat,” by E. W. Jonee, F.O.8. AnalyH, May, 1877. 

* An acoqtate ^ eolutian o^Cl is uow usually employed, 
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At the end of an hour or less it may be taken out completely saponified.* 
When cool the flask is opened, the soap gently melted and poured into a 
flask of about 500 c.c. capacity, having a long, rather narrow neck (see flg. 
37), which carries the tubes a and b —the tube o for the admission of air, 
the tube 6 furnished with a stopcock. In 
this flask the soap is decomposed by adding 
al)out 1 c.o. mure sulphuric acid than is 
necessary to neutralise the potash; if, for 
example, the latter is neutralised by 2.5 
c.c. of the sulphuric acid 26 c.c. are added, 
and after this addition the fatty acids 
melted so as to form a layer on the surface 
of the acid water.'* At this point the whole 
may be diluted witl^warm water up to 200 
0.0. or 300 c.c., the cork carrying the tubes 
inverted, and the flask tamed upside down, 
as represented in the figure. After standing 
a few hours the cake is more or less solid, 
and the lower stratum of liquid may be ruu 
off almost clear. It will, however, always be 
safest to jKiss it through a filter. By adapt¬ 
ing an india-rubber tube to a, wami water 
njay be sucked up through h, and the fat 
washed in the flask (perfectly closed by 
'pinching^the india-rubber), and then the 
cake allowed to form as before. Tlie fluid is now again run off from 
the solid, and this time cold water may bo sucked up through a, and 
the' whole process of alternations of hot and cold water repeated. Lastly, 
the cork with its tubes is removed, any adherent fat washed off with warm 
water into the flask, the latter adapted either to an upright Liebig's 
condenser and boiled, or connected in the usual way with a receiving flask 
adjusted by a cork tightly to the bent tube of the condenser, and furnished 
with a mercury valve, the whole forming a closed system. In the latter 
case, also, the heat is applied to boiling for five or ten minutes, and the 
distillate added to the filtrates; lastly, the cork with tubes is again 
connected, the flask inverted, the liquid whqn cool run off, and the fat 
finally washed with a little cold water and allowed to drain. 

The watery liquid contains sulphuric acid, glycerin, sulphate of potash, 
alcohol, butyric, and the other soluble fatty acids; it will bo in bulk from 
600 to 700 c.c., and may be made up to any definite quantity. In any 
case, a portion of it—a quarter, a fifth, or even a tenth—must be taken 
and titrated with d. n. soda, which, when the quantity required to 
neutralise the 1 c.c. of sulphuric acid in excess is subtracted, indicates the 
amount of soluble acid, and is always returned®^butyric, which is near 
enough to the truth. 

Instead of this method it may be useful to^^^_ re acid liquid until 
all the volatile acid wljich can be obtained hafe' '' i and then titrate 
the distillate. It is also possible to separate tne v . tty acids from 
such a solution by shaking up with ether in the tube figureu p. 223, the 
ether dissolving the acids freely. 

' The reasou for preferring this method is, that less potash is required. 

» The American Association of Official Analysts recommend connecting the flask, 
while the adda are being melted, with a long upright nannw glass tube. 



Fia. 37. 
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The imilvhU fuWj acidt remaining partly in the flask, with a trace on 
the filter, arc now united in a flat porcelain dish. This is done hy melting 
the acids in the flask, pouring ofT, and extracting by alcohol and ether— 
the same solvent also dissolving the acids from the filter. On evaporation 
of the alcohol and other, one or two largo bubbles of water may bo formed 
in the acids, and it is best to add a few drops of absolute alcohol. The 
dish is now placed on the top of the water-baOi (the water in which should 
only boil gently), and weighed at short intervals; if after twenty minutes 
only 1 or 2 mgrms. are lost, the weight is considered constant. See also 
Johnson’s method, p. 297. 

The following are a few examples of percentages of fatty acids found in 


genuine butters:— 

(!•) 

(2.) 

(3.) 

(4.) 

Soluble, . 

. 5-92 

676 

5-S7 

4-77 

Insoluble, 

.• 87'86 

88'10 

87 •6!* 

88-44 


9378 

93 86 

93-05 

93-21 


It is generally accepted that 88 per cent of insoluble acids, if associated 
with 6-.3 of soluble acids, is a fair standard of butter calculation, and that 
if a butter shows anything less than 89'6 insoluble, with 6 soluble, it may 
be passed as genuuie. 

A few examples of adulterated butter-fat are as follows:— 


Soluble, 

lusoluble. 

(1.) 

A Commei'cial 
Butter. 

. 1-98 

. 93-80 

(2.) 

A Comnioroial 
Butter. 

2*84 

93-82 

(3.) 

MargeTfuo. 

-68* 

95-61 


96-28 

96-16 

96-09 


§ 213. (t.) Eiiimatim of tlie Volatile Fatty Adds. — Reichsrt-Wollny 
Process, —The original Reichert process and the modification of it known 
as the Reichert-Meissl process, described in previous editions of this work, 
are now no longer used, owing to the careful research of Wollny, which 
proved that the processes were open to error in many ways. The process 
generally used both for bptter and margarine, and which may be almost 
called the official method in this country, is the Reichert-Wollny process. 
In Older that results may be uniformly comparable, it has boon agreed by 
the Principal Chemist of the Government Laboratory, and a committee 
appointed by the Society of Public Analysts,- that tlio following method 
J^^iJS^kiug shall be adopted. This method is recommended for margarine, 
II is equally applicable to all fats. It is essential that the measure¬ 
ments given, the quantity of fat taken, and all other de^ls should be 
followed closely. Should it be convenient to take 2'5 gria«. of fat instead 
of 6 grras., half the other quantities must be taken and 66 o.a distilled. 
Tbs result multiplied by two will be slightly higher than true Wollny 
figure. The method is as follows:— 

Five grms. of the melted and filtered sample are introduced into a 300 
■O.C. flask (see fig. 37o), 2 o.o. of aqueous sodium hydroxide (1 : 1) free from 
carbon dioxide are added, and also 10 c.c. of 92 per cent; alcohol, and the 
mixture is heated under a reflux condenser, connected with the ^k by a 
T-pieoe, for 16 minutes in a bath containing boiling water, alcohol is 
distilled off by heating the flask on the water-bath for about half an hour, 
or until the soap is dry. One hundred o.o. of hot water which has been 
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kept boiling for nt least 10 minutes are added, and the flask heated until 
the soap is dissolved. Forty c.c. of il’’-sulphurio acid and three or four 
fragments of pumice or broken pipe stems are added, and the flask is at 
once connected with the condenser, as indicated in the figure. The flask, 
which is supported on a circular piece of asbestos 12 cm. in diameter 
having a hole in the centre 6 cm. in diameter, is first heated with a very 
small flame, to fuse the insoluble fatty acids without causing the liquid to 
boil. The heat is then increased, and when fusion is complete 110 c.c. 



ate distilled off into a graduated flask, the distillation lasting about 30 
minutes (say from 28 to 32 minutes). The distillate is sliaken, 100 c.c. 
are filtered off, transferred to a beaker, Q’d c.o. of phenol-phthalein solution 
(1 grm. in 100 c.o. of alcohol) added, and the filtrate titrated with iP/10 
sodium or barium hydroxide. As the chemicals used may yield a slightly 
acid distillate, a blank experiment should be made, and the result allowed 
for; this should, however, not exceed 0‘3 c.c. of AT/IO alkali. The final 
result multiplied by 1‘1 is the Eeichert-Wollny number. 

The following table gives, I, the Iteiciiert-Wollny number as determined 
by this method, and, II, the correspoudiog amount of butter-fat that is 
assumed to be present in the margarine;— 

I., . . 4'0 4-3 4-6 4'9 6-2 S-5 i.'9 e-2 6'6 0'8 7-1 

n., . . 10 11 12 18 14 15 16 17 18 19 20 

Ko presumption against the margarine in regard to its content of butter- 
fat should be raised pnless the Beichert-Wollny number thus ascertained 
exceeds 4. 

I/’finam and Beam’s Proeess .—This is in some respects superior to the 
one described, but chiefly because it gives a sharper end reaction, 
i In pkee of idooholio potash, glycerolrsoda prepared as follows is used;— 
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Dissolve 100 grms. of pure sodium hydroxide in 100 o.c. of distilled vfater 
and allow to stand until clear. Mix 20 c.c. of this solution with 180 c.c. 
of pure concentrated glycerol. 

Place 5 grms. of the fat in a 300 c.c. flask, add to it 20 o.c. of the 
glycerol soda, and heat over a Bunsen burner; the mixture will require 
careful watching, as there is cousiderahle frothing; saponification is 
complete in a few minutes. The rest of the operation may be carried jut 
as in the Reichert-Wollny process. 

Knglish huttera made from the mixed cream of several cows have a 
mean value of 29, and the minimum value adopted in this country is 24, 
hut smaller values may ho obtained from the butter of single cows, and 
under tliese circumstances the minimum may fall as low as 20'4 (see page 
304). Reichert and Meissl have proposed to calculate the amount of real 
hutter-fat by taking 28’78 as a standard by the following formula:— 

„_100(ii-0) 

” 28-78-C‘ 

n is the Rcicherl-Meissl value, and C the value of the admixed fat. Meissl 
thinks that C may bo taken as 3. 'ITic formula is, of course, only a rough 
guide, because the value for the original butler may be higher or lower 
than 28-78. The following are results obtained by various observers with 
the Reichert process:— 

n. N. Soda. 


C.C. 

Butter-fat.24 to 32 

Lard, . . 1. -4 to -6 ■ 

Eajie oil. -8 

Sesame oil,. -7 

Olive oil,. *6 

Palm oil,. 1-0 

Kidney.&t,. -6 

Cocoa-nut oil.7-0 to 8-0 

Margarines,.0-8to8-0 

Butter-fat-tlO per cent cocoa-nut oil, . . 2fl-8 

60 „ „ . . 18-0 
Butter-fat 60, cocoa-nut oil 22-6, margarine 27-6, 17-4 


H. Kreis * has proposed to saponify by sulphuric acid; his method has 
been subsequently modified by several chemists, the most ilnportant 
addition to the process being the use of potassio permanganate. Dr. 
Bideal adds 10 c.c. of sulphuric acid, specific gravity 1-836, to 2-5 grms. 
of melted butter-fat; the butter dissolves. 100 c.o. of water are now 
added, and the sulphurous acid developed is destroyed by, about 1 o.Qwpf 
strong potassium permanganate solution.* The mixture vs distilled until 
80 c.o. of distillate are obtained. In nineteen different butters examined 
by the Reichert-Meissl process and the sulphuric aoid process, the mean 
number of c.o. of decinormal alkali consumed was 28-8 ig|idie former and 
29*4 for the latter. 

A process of saponification has been proposed and practised by Mr. West 
Knight,^ which is based on the insolubility of the oleate, stearate, and 
p&pitate of barium, and the ready solubility of the volatile fatty aoid 
comfeations with barium. The butter-fat is saponified with alooholio 
potash ft.the ordinary way. The soap solution is diluted to 300 o.c., and a 
solution ot"i>loride of barium added until a curdy precipitate separates, and 

> CAcailF feaa, 16, 1894. • Anaiyrt, 1880.. 
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the liquid is no longer rendered milky by a fresh addition—the insoluble 
barium fatty acids are collected on a filter, and ultimately transferred to 
a tube such as is used by Muter (p. 298), and the fatty acids litorated by 
sulphuric acid and shaken up with ether; when separation has been effected, 
a fractional part of the etlier is token, and evaporated in a tnrod flask. 

Wm. Johnstone' has proposed a method of dealing with butter-fat 
which has the advantages of Koettstorfer’s process, aud gives the amount 
of soluble and insoluble fatty acids. 2'0 grms. of the butter-fat are 
saponified with a known quantity of alcoholic potash in a closed flask, the 
titre of the potash having been carefully ascertaiuod. 

After saponification the liquid is exactly neutralised, aud thus— 

A. The amount of alkali required to saturate all the acids of the butter 
is ascertained. 

The alcohol is now boiled off aud an excess of acid adiled to decompose 
the soap. The fattyiacids are washed with hot water (as before described), 
the insoluble fatty acids collected on a filter and dried in airthe filter is 
transferred to a Soxhlot tube, aud its ooutonts exhaiistcd with dry ether, 
the ethereal solution being received in a weighed flask. When the extrac¬ 
tion is complete the ether is driven off, the flask and its contents carefully 
dried aud weighed; this gives— 

B. Insoluble aeids by weight. 

Next the fatty acids remaining in the flask are saponified by a known 
volume of standard alkali and titrated with standard acid; this gives— 

' C. Amount of alkali required to saturate the insoluble acids. 

By subtracting 0 from A, the amount of alkali required to saturate D, 
the soluljo fatty acids, is obtained. An example will make the working 
clear. 

.2'6 grms. of butter wore saponified by 25-00 c.c. of normal alcoholic 
potash; after saponification the liquid was neutralised by 14-78 c.o. of 
standard acid, therefore (A) the alkali was equal to 2r!'00 -14-78 0 . 0 .; 
that is, 10-22 c.c. of normal potash. 

(B) The insoluble fatty acids weighed 2-2487 grms. = 89-95 per cent. 
The insoluble fatty acids were saponified by normal potash, the difference 
of acid taken was equal to 8-13 0 . 0 . of potash—that is to say, the 
insoluble acids were neutralised by (C) 8-13 c.c. of normal potash; but the 
total acids consumed 10-22 c.o. of normal potash; therefore, the soluble 
acids (D) must be equal to 10 22 - 8-13 c.c., or 2-09, equal to 7-35 pet 
bent, of butyric acid. 

§ 214. Further Amlyds of the hmluUe Fatty Amis.—The insoluble 
fatty acids are, as already stated, oleic, palmitic, and stearic; it is their 
totid weight which is alone valuable, and to separate the three with accuracy 
is not easily effected. The first can, however, be isolated by the following 
process, the details of which have been worked out by Dr. Muter, The 
process depends upon the well-known fact that the oleate of lead, 
Pb2C,gH880j, can be separated from plumbic palmitate, Pb2Ci8H„0^ and 
plumbic stearate, Pb 2 Ci 8 H 8 j 02 , by taking advantage of the solubility of 
the former in ether. 

MutePs method of estimating oleic acid is as follows 1 —3 grms. of the 
fat are saponified by means of alcoholic potash. The potash is carefully 

■ The Analyet, xiv., 1888, No. 168. 

" Kichmond dissolves the fatty acids in warm alcohol, makes up to 100 0.0, with 
alcohol; of this he takes 26 C.O., and evaporates and weighs. He takes 60 0.0., and 
titmtee with slcoholio soda solution—this gives both B and C as above. 
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neutralised by acetic acid, using pbcnol-plithnicin ns an indicator. 200 c.c. 
of water, to which 30 c.c. of a 10 per cent, solution of plumbic acetate 
hayo boon added, arc boiled and, while Iwiliiig, the soap solution is slowly 
poured in with constant stirring. The whole is .allowed to cool, the 
supernatant fluid poured off, and the load soap washed with hot water by 
deoaiitation. The precipitate is transferred to a stoppered bottle, 80 c.c. 
of ether added, and, fmally, the ether made up to 120 c.c. The bottle is 
allowed to stand, with occasional shaking, for twelve 
hours, during which timo the whole of the oleate will 
liave dissolved. The ethereal solution is now filtered into 
a special tube (fig. 38), the plumbic stearate, etc., being 
washed with ether until free from lead; this usually 
entails the use of about 100 c.c. of ether. Hydrochloric 
acid, 25 per cent, strength, is poured in up to the first 
mark on the tube and the contents, slmken. The liquids 
arc now allowed to sejiarate and the acid layer drawn off 
by means of the stopsjock. Water is then poured in and 
the contents again shaken, the water being removed as 
before, and the whole process repeated until the washings 
arc free from acidity. The total volume of the ether is 
noted, a fractional portion run off into an Erlenmeyer’s 
flask, and the ether distilled until a very little ether 
remains It is not distilled completely, so as to avoid 
exp^ing the oleic acid to the air; 50 c.c. of pure alcoltol 
I.' v^ded to this residue and the solution titrated by ’ 
deciuormal soda, using phcnolphthalein us atifiiidicator; 
each ca:. of d. n. acid is equal to 0'0282 oleic acid. 
Having thus ascertained the strength of the remaining 
ethereal solution in the tube, the next step is to run off as 
many c.c. as correspond to 0'5 grm. of oleic acid into a 
Fio. 88.—Mater’s Stoppered bottle of at least 350 c.o. capacity; this flask 
olein tube. is also provided with a doubly perforated cork carrying 
two tubes, one of which is connected with a carbon dioxide 
apparatus The flask is placed in warm water and the gas passed through 
until all trace of ether has been removed. To the residue 50 o.o. of HubTs 
'"solution (see p. 301) are added, the stopper inserted and allowed to stand 
the usual time and then titrated.' 

E. Twitohell® has proved that 100 o.c. of ether dissolves 0‘016 of the 
lead salts of purified commercial stearic acid at 0“ C., and that this is an 
objection to Milter’s process. 

He proposes a modification of Jean’s process as fijllows, of which he 
gives the following example;—A lard, the liquid fatty acid of which gave 
when tested by Muter’s process an iodine absorption of 94‘1 per cent., 
was treated as follows;—4 grms. of the fatty acids were dissolved in 50 o.o. 
of 95 per cent, alcohol and 2'6 grms. of lead acetate in 20 o.c. of the same 
alcohol added, both solutions being hot. The liquid with precipitate was 

E ut on one side for two hours, the temperature being strictly 15' for the 
ct hour. A part of the whole was then filtered into a separating funnel, 
treated with ether and HCI, the acids washed and dried in a current of 
COj, their iodine number obtained, and their percentage in the original 
solution determined. The precipitate was washed with 95 per cent, alcohol, 

' jinalyat, April, 1889, 

* Joum. Amer. Chem. 189fi, xviU., 289-298 i Analyst, July, 1898. 




decomposed wth HCl, and the solid fatty acids dried and weighed} the- 
resnlts were:— 

Fer cent. Todi»e nutiibcr, 

86 Hd fatty acids, 46*24.4*9 

Lk uid fatty acids, 51*82 . 103*87 

figures indicating that all the solid and part of the liquid acids had been 
precipitated. ; 

If the iodine number of the total fatty acids is obtained, tlic method of 
calculating results is as in the following example:—4 grms. of fatty acids 
gave an iodine dumber of G2'57; the fatty acids from the filtrate at .15° 
gave an iodine number of 109’36, and were equal to 46’81 per cent 

The percentage of liquid acids multiplied by the iodine numl)or of these 
acids and deducted from the iodine number of the total acids equals oleic 
acid. Dividing this by 0-9 gives the percentage of oleic acid precipitated 

with the solid acids.* Thus in the above case = 51T9 - 62'67 

= 11‘38. Dividing 1T38 by 0'9 = 12'64 in the precipitate, which, added' 
to 46'81, represents the total liquid acids, 59‘45. 

Mr. Wanklyn* has proposed estimating butyric acid derived from the 
formation of butyric ether in sa|)onifying with alcoholic potash as 
follows:—The butter is clarified in the usual way, and then 5 grms. are 
weighed and taken for the analysis. The butter is placed in a small 
rptort of about 200 c.c. capacity, and fitted to a condenser. Alwut 100 c.c. 
pf alcohol (specific gravity 0’838) is added to the butter in the retort, and 
then 0-5 grm. of solid potash is added. The retort is then gently heated, 
and th(^contcnt8 are distilled, the distillation being continued to dryness. 
The distillate is received in a bottle fitted with-a stopper, and containing 
40 c.c. of accurately measured normal caustic potash or soda. When the 
distillation is complete, the stopper is placed in the bottle and the contents 
ore shaken for a short time, and juesently it will bo found that the smell 
of butyric ether has vanished. Phcnol-phthalcin is now} added to serve 
as an indicator, and the solution is titrated with normal sulphuric acid. 

Good butters treated in this way yield from 2-8 to 3 4 per cent, of 
butyric acid as other, while common margarine only a trace. 

Ifaberland * has worked out a scheme of quantitatively separating 
acetic, butyric, propionic, and formic acids. The four acids are made free 
by phosphoric acid and distilled, the distillate evaporated with lead oxide, 
the residue dissolved in cold water, and the solution heated to boiling. 
Basic lead propionate is precipitated; the other load salts remain in 
solution and are filtered off. The filtrate is treated with H^SO,, evapora^ 
to dryness with excess of zinc oxide, and the mass is then treated with 
a large volume of absolute alcohol and filtered. Zinc formate and lead 
sulphate remain on the filter. The alcoholic filtrate is evaporated to 
dryness, and distilled with phosphoric ai id. To the distillate silver carbonate 
is added, and the solution is evaporateii, when, in consequence of the lower 
solubility of silver butyrate (1 part in 260 water), this salt separates with 
almost quantitative completeness, Silver acetate (solubility 1 part in 100 
water) -emains in solution. 

§ 216. Ettimaiim of Ofyeenn.—The determination of glycerin in fats, 
hitherto most unsatisfaitory, can now, thanks to the lateurs of Wanklyn, 
Fox, Benedikt, and Zsigmondy, be accomplished with fair accuracy. 

> “ The Analyris of Butter,” by W. Fox and J. A. Wanklyn. AnaJynt, 1884. 

’ Zeit. anal. Cim., 1899, xzzvui., 217-228. 
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The process is based upon the oxidation of the glyceri/i by alkaline 
permanganate, the consequent formation of oxalic acid, carbon dioxide, 
and water; and the estimation of the oxalic acid; whence t ie glycerin is 
calculated according to the formula— 

+3O2 = + CO2 + SlIjO. 

100 parts of oxalic acid are equal to 102'2 parts of glyccrbi, or, since the 
oxalic acid is usually determined as lime carbonate, 10b parts of lime 
carbonate equal 92 parts of glycerin, 

The details of tlie process are as follows:—10 grms. of the filtered 
butter-fat are saponified by a known volume of a solution of KHO in pure 
methyl alcohol,* or, better still, by a strong aqueous solution of potiish. 
Mr. Allen has recommended saponifying the fat by means of 25 c.c. of a 
16 per cent, potash solution in a flask well stoppered down by means of 
an india-rubber stopper, heat being applied by means, of a water-batli for 
several hours, until from the homogeneous appearance of the liquid it is 
certain that saponification has been eft'ected. Tlie soap is now decomj)Osed 
in the usual way by means of dilute sulphuric acid; the fatty acids 
separated; the filtrate made up to a known bulk, aud a fractional part of 
this taken for oxidation. The oxidation is carried out as followsThe 
solution is aikalised by potash Bolutio|i||bontnirang at least 5 per cent, of 
free alkali, and then a 5 per cent, solution of potassic permanganate 
is added until the liquid is blaekish in colour. The solution is boiled, 
whereupon manganese oxide is precipitated, but the excess still tinges 
the liquid red, the red colour is discharged by adding sulphurous acid, 
the whole is then’'filtered and the precipitate well washed witlj boiling 
water. The filtrate is boiled, aud, while boiling, an excess of calcium 
acetate is added. The precipitate, consisting of an impure calcic oxalate, 
is collected, washed, dissolved in dilute sulphuric acid, and titrated with 
permanganate solution, or it may be ignited, and the resulting calcic 
carbonate dissolved in d. n. HCl, titrating back with a known volume of 
a solution of d. n. soda, and using methyl orange as an indicator. The 
best results are obtained when the amount of glycerin to be oxidised is 
from '3 to '6 grra., and the dilution not greater than T per cent.^ 

' § 216. 'ITie Iodine Valm .—Hubl (Diiujt. polyt. Joum., ocliii., 281-295) 
has proposed a method which is of the greatest value in the examination of 
oils and fats generally, and can be applied to the analysis of butter. The 
melted fat is treated with an alcoholic solution of iodine in presence of 
an alcoholic solution of mercury bichloride; under these circumstances 
the laieaiurated fatty acids or their glycerides absorb iodine in a regular 
and definite manner. With regard to butter, the only, unsaturated fatty 
acid is oleic acid; hence the amount of iodine absorbed has relation to the 
content of olein or to oleic acid. 

‘ Ethyl alcohol cannot he need, for on treatment with boiling alkaline permanganate, 
some oxalic acid is prodnoed. 

“ See papers by Messre. Fox & Wanklyn, Chm. News, Jan. 8, 1886; by E. 
Benedikt k K. Zsi^iondy, Analyst, i., 206 ; and by Allen, op. cif., xi., 62. 

J. David, Oomjk. /tend., xciv., 1477-1479, estimates glycerin as follows100 grms. 
of the fat ore meltra, 65 grins, of barinm hydrate are added, with brisk stirring; when 
most of the water has been expielled the heating is discontinued; 80 c,c. of 95 per cent 
.alcohol are poured on the mass, and the whole stirred j 1 litre of water is then added, and 
the mixture boiled for an hour. The barium soap remains insoluble, whilst the glycerol 
is dissolved by the water, which is freed from the excess of barium, reduced in volume 
by boilinm and finally evaporated in a vacuum at a low temperature. The glycerin 
might evidently be estimated by the oxalic method. 
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The following solutions are required:— 

(1) Solution of iociine and mercury bichloride. 2.') gnus, of iodine are 
dissolved in half a litre of alcohol of 96 per cent, strength, and 30 grms. 
of mercury bichloride are dissolved in another half litre of alcohol; the 
two solutions are now mixed, and allowed to stand, before standardising, 
tor twenty-four hours. 

(2) Solution of sodium hyposulphite. 24 grms. to tiie litre. 

(3) 3‘8747 grms. of potassium bichromate dissolved in a litre of water. 

(4) A solution of potassivim iodide, 10 per cent, strength. 

The thiosulpliate is standardised as follows:—10 o.c. of the potassium 
iodide solution are placed in a stoppered Lottie, and 5 c.c. of HCl added, 
togc^tlicr with 20 0 . 0 . of the bichromate solution. This will lilierate 
exactly 0‘2 grm. of iodine. The thiosulphate solution is nm in carefully 
until a light straw colour only remains, then a little frcshly-pretiarcd 
starch solution is aSldcd, and the thiosulphate ruu in until the blue 
colour disappears. The number of cubic centimetres added will, of 
course, bo C(iual to 0’2 grm. of iodine. The next thing is to titrate with 
the thiosulphate the solution of iodine and mercury bichloride. It is best 
to take for this purpose 25 c.c. of tho iodine solution, and to operaW in 
a similar way—that is, running in tho thiosulphate until there is only 
a pale straw colour, and finishing with starch as an indicator. 

To obtain the iodine value of buttcr-fat, from 0’6 to 0'8 grm. of the 
clear melted fat is dropped on to the bottom of a tared flask, the flask 
-and its contents weighed. The fat is dissolved in 10 c.c. of chloroform, 
and 25 o.c. of the iodine solution run into the flask, which should be at 
least 50C c.c. in cai>acity; tho flask is now stoppered and put in tho dark 
for four hours. Should the iodine solution become decidedly pale at tho 
end of two hours, a second 25 c.c. of iodine is run in, for unless an excess 
is present, accurate results will not be obtained. At the cud of the stated 
time, 20 c.c. of the potassium iodide solution are added (or, should there 
be a red precipitate of mercury iodide, oven more), the'liquid diluted 
with from 300 to 600 c.o. of water, well shaken and titrated with the 
thiosulphate, using as an indicator starch solution. The difference in the 
number of cubic centhuctres of thiosulphate used on tho original iodine 
solution, and that on the solution which has acted on the fat, gives the 
requisite data from which to calculate the amount of iodine the fat 
has absorbed; this is calculated into per cent, of tho fat. 

Bowland Williams * has cx.amii;cd in this way thirty butters, the mean 
of which gave 35'34 per cent, of iodine absorbed, the extremes being 23 6 
and 40-3. Seven margarines gave from 62’29 to 75'22 per cent. 

The same process is applicable to the insoluble fatty acids, a 
■; weighed quantity from 0'2 to 0'4 of the fatty acids being dissolved in 
chloroform and treated as above. The following are a few iodine 
values for various tats and oils:— 


Linseed o.'i, 

Iodine 

number. 

. . . . 158*0 

Tallow,. 

Iodine 

nnniber. 

40-0 

Castor oUy 

84*4 

Cocoa butter, .... 

84-0 

Olive otl, . 

82*8 

Nutmeg butter, , . . 

31-0 

Lard) 

Margarine) 

. . . * . 69*0 

Butter*fat (from 26*0 to 35*1), . 

81-0 

. . • 65*8 

Cocoa-nut ml. 

8-9 

Palm oil) . 

> » . > 61*6 

Jaiiauese wax, . , , . 

4-9 


* Amtlysl, June, 1894. 
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In fats, like butter-fat, in which it is believed there are no other 
unsatiirated acids than oleic; olein, and the oleie acid <• 51 be estimated in 
this way. 

The theoretical amount of iodine absorbed by o'/ic acid is 90’07 per 
cent., and the theoretical iodine value for olein is 86'20. Hence, if the 
iodine value of a fat erpials 1 , the percentage of olein will be found from 
the following formula— 


Or, simpler still, tlio iodine value multiplied by the factor I'lGOl gives 
the olein. Similarly the amount of oleic acid in the fatty acids is found 
by multiplying the iodiue value found by the factor 1 ‘llOk 

Hchnei'i has proposed to treat fats with bromine, and weigh the 
product. 1 to 3 grins, of the fat are introduced jpto a wide-mouthed 
flask, and dissolved in a few cubic centimetres of 
chloroform; then pure bromine is added drop by 
drop until in excess. The flask is then heated in. 
the water-bath, and the bromine driven off by 
adding from time to time a little chlorofonn. 
Finally tho hroininised fat is dried at 12D° C., and 
weighed. To compare tho results with those 
obtained with iodine, the gain in weight is multi¬ 
plied by —that is, 1’587; the results fairly 

80 

iigree. ^ 

§ 217. The Cryoseopic Method of J&eamining 
Butter-Fat. —Baoult’s method of determining mole¬ 
cular weights is applicable to butter-fat, and may 
be used as a means of distinguishing it from 
margarine.^ F. Uorclli and L. Carcano, using 
benzene as a solvent, and considering the constant 
for benzene to be 53 (it is usually taken as 49), 
found that pure butter had a molecular weight of 
from 696 to 716, while margarines ranged from 
780 to 883.* 

The apparatus required is (1.) a Beckman's 
thermometer, D (fig. 39); this thermometer has a 
mercury reservoir at the top, e, so that variable 
amounts of mercury may be introduced into the 
lower bulb; it bos a range of only 6 or 6 degrees 
divided into tenths; ( 2 .) a tube with a side limb, 
Fio. 39 .—Cryoscoiiio A A'; and (3.) a wide test-tube into which the first 

Api«ratu!>. one fits, so to (as it were) jacket it with air. 

The whole is supported in a wide beaker, in 
which the freezing mixture is placed, and suitable stirrers, C and r, pro- 
Senided. The first thing is to ascertain the freezing point of a known weight 
, solvent. The tube with side limb is weighed on the' balance, and 
nost of th/*'** grms. of the solvent are introduced, and the tube with its 
Joohql are po!^ xx., p. SO. 

he mixture hotpull, Soe. Ohem., 1899, iil, xxi., 738-710), using benzene, found for pure 
a dissolved by tkom 681 to 669 and for marearine 840 to 860. He also found 15 per oent, 
)y boiling, and .creased the moleoular weight by 30-85 units, 
night evidently bSarah, 1894. e 
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contents again weighed; the weight subtracted from the tare gives the 
amount of liquid. Some ice and salt and water are placed in the beaker, 
and the whole apparatus arranged as in the diagram. The mercury of the 
thermometer gradually falls, and as it falis both stirrers must be worked; 
on approaching the freezing point the thermometer becomes for a moment 
stationary, then suddenly rises, and then becomes stationary to agam fall; 
when it last becomes stationary is considered the freezing point of tlio 
liquid; the tube is taken out, the liquid allowed to melt, and the operation 
repeated once or twice, the mean of the determinations being taken. Next 
from '5 to '8 grm. of the butter, or other fat, is dissolved in the same 
liquid, and the operation again repeated; this time there will be a difference 
of one or more tenths of a degree in the freezing point; it will l)e lower 
than when operating on the pure substance; this lowering is the molecular 
depression. The molecular weight is calculated by means of a constant, 
which, for the chief solvents, has already been ascertained. The two 
solvents applicable for butter are benzene, for which the constant is usually 
taken as 49, and paraxylene,' which may be taken as 43. Of the two 
solvents, paraxylene is much to be preferred, for it has the low freezing 
point of about 16° 0. and the high boiling point of 136° C.; hence, although 
expensive, it is readily recovered with but little loss. 

The senior author has made several determinations of the cryosoopic 
value of butter-fat; but with paraxylene has obtained much lower values 
than Garelli and Carano. He is inclined to put the average molecular 
weight of butter-fat at about 680. 

An actual example of a cryosoopic determination with paraxylene will 
illustrate the above remarks;— 


Weight of mraxylene taken, . . . ]9 '505 gim". 

Weight of butter-fat dissolved in the above, 1 '0784 ,, 

Depression of freezing point, . . . 0'41°. 

If M equals the molecular weight, C the constant, (1 rthe per cent, of 
substance dissolved, and t the depression, then the molecular weight, M, 
is found from the equation— 


In the above example, replacing 
values— 


6'628 X 43 

-".41 - 


the letters by the experimental 
679'8 


§217a. The Detection and Eetimation of Goeoa-Nut Oil iti Butter- 
Fat {see also Phytoeterol).—A good qualitative test for cocoa-nut oil in 
batter is that of Ed. Hinks {Analyst, 1907). 

6 c.c. of the melted fat are dissolved in 10 c.c. of ether, and the tube 
then packed in ice. After half an hour the liquid is rapidly ffltered, 
and the Bltrate evaporated to dryness in the water-bath. The residual fat 
is pressed into a test tube and boiled with tlirve to four times its volume of 
alcohol, 96 to 97 per cent volume strength. The solution is then allowed 
to cool to the temperatqre of the room. The tube is then placed in water 
at 6° Cent, and kept at that temperature for 15 minutes; the alooholic 
layer is rapidly filtered into another tube, which is placed in a cool 
chamber at 0°. A deposit soon separates; this deposit is examined micro- 

1 'PB.t'AmA MniitemArHnr fimudin ClkimdBm nr^'imnA. vtIv. ft n 109 
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scopiciilly, using powers of from 250 to 300, The crystals molt at 5*, 
therefore the exnraiuatiou must ho rapid, or the stage artificially cooled. 
Butter deposits glycerides in round granular masses, cocoa-nut oil in fine 
needle-shaped crystals. Mixtures show the granular butter spheres with 
numerous small, very fine, almost feathery crystals generally atbiched to 
the butter granules, but sometimes in clusters by themselves, a very 
characteristic appearance being that of a mass of crystals growing from 
the side of the butter granules. 

Ed. Polenske (Zeit.f. anal. Chem., 1905, 777) saponifies 6 grins, of fat 
with glycerine alkali, and distils exactly as in the Ilcichert-Moissl process; 
the distillate is filtered through a filter jiapor of 8 cm. diameter, and the 
Reichert number obtained. After the distillate has- entirely filtered, the 
filter is washed three times with 15 c.c. of water, which has been used to 
wash out tlie coudensiug tube, the measuring cylinder,^and tlie flask; when 
this has completely filtorc<l through (the last 10 c.c. must be so little acid 
as to be neutralised by a drop of d. n. liaryta water), the process is 
repeated witii three ijuautities of 16 c.c. alcohol of 90 per cent. The united' 
filtrates are then titrated with d. h baryta water; the number of c.c. used 
is named by the author the nett tiuiter number. This value for pure butter 
is from T5 to 3’0 c.c., and for pure cocoa-fat 16'8 to 17'8. The niH'.ber 
has a relation to the Reiohort-Meissl value, as is shown in the following 
table:—* 


iteichert-Welssl 

Value. 

Foleiiske's New 
Butter Number. 

Highest Admissible 
New Butter Number 
consistent with Furitj. 

20-21 

1-3-1-4 

1-9 

21-22 

1-4-1-6 

2-0 

22-23 

1-6-1-6 

2-1 

2.3-24 

1-6-1-7 

2-2 

24-25 

1-7-1-8 

2-3 

26-26 

1-8-1 -9 

2-4 

26-27 

1-9-2 0 

2-6 

27-28 

2-0-2-2 

2-7 

28-29 

2-2-2-6 

8-0 

29-30 

2-6-3-0 

3-6 


Ij. Vandam (op. cit., 780) detects cocoa-nut oil in butter as follows : — 
'S gnus, of butter-fat are saponified by means of 25 c.c. of 8 per cent, 
potash lye, and, after boiling a short time, 60 c.o. of alcohol of 80 per 
cent, volume strength are added; the whole is made up to 100 c.c. at 16°, 
then 26 c.o. of sulphuric acid, which has been diiut^ so as to exactly 
neutralise the 25 c.o. of potash solution, are added; the emulsion is now 
aiiowhd to stand some time at 15° C., then filtered; an aliquot part of the 
filtrate is titrated with half normal soda, using phenol-phthalein as an. 
indicator, and the results calculated on the total volume; this volume' 
must be corrected for both the volume of the separated potassio sulphate ' 
and that of the insoluble fatty acids. The former is considered to be 
equivalent to 1'7 o.c.; the latter is experimentally ascertained by boiling 
ill water, cooling, separating and dissolving in 10 c.c. of alcohol; the 
increase in the volume of the alcohol gives the bulk required.' 

Under the above conditions, butter uses 10*9, margarine .9'6, and 

^ Mention may be made of the method of Wijsman and Heijet {AfuUysi, 1908, 
31, 168), in which the silver nitrate oousumed the eoluble acids in the ordinary 
Reichert process is compared with that used by distillation with three or four times the 
quantity of water, and thus the silver values obtained, which are prao^caUy equal with 
pure butter, Many ohemiets ,have tried this process, but with varied and therefore 
unaatisfii^ry resulta 
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oocoa-{at 44'2 c.o. of half normal soda. Another aliquot part of the 
alcoholic solution is evaporated to dryness, the acids obtained treated with 
hot water, and that which remains insoluble is dissolved in hot alcohol, 
and titrated with half normal soda; 5 grms. of butter-fat take 4'6-5'2, 
margarine 3'1, and oocoa-fat 42'3 c.c. of half n. soda. 

A. W. Thorp (Analyd, 1906, xxxi.) delects cocoa-nut oil by simply 
extending the Beichert test. 

The usual 110 c.c. of the distillate are collected, filtered and titrated. 
A second 110 o.c. of water are added to the distillation flask, and a second 
110 c.c. distilled over; this distillate is passed through the same filter paper 
and similarly titrated. The condenser, measuring vessels and the filter are 
now washed with hot alcohol, and the solution obtained also titrated. 

With pure butters, the second aqueous distillate consumes from 2‘9-4'0 
c.c, of d. n. alkali, the alkali washings from 5'2 to 8‘4 c.c. d. n. alkali. 
Cocoa-nut oil gives for the second distillate 4'0 c.c. d. n. alkali, whilst the 
alcoholic solution of the insoluble fatty acids require 3'4 o.c. Mixtures, 
therefore, give numbers over 9 c.c. d. n. alkali for the alcoholic solution 
according to the amount of cocoa nut oil in the mixture. 

J. Hanus (Xeit. Untermch. Nalir. Oenuenm., 1907) liases his method 
for the detection of cocoa-nut oil in fats on the production of volatile 
esters; the volatile esters in butter consist almost exclusively of those of 
the lower fatty acids, whilst with cocoa-nut oil a large quantity of esters 
of the higher fatty acids is obtained. 6 grms. of the melted fat are heated 
in a flask for 16 minutes at DO", 30 c.c. of d. n. alcoholic KHO are added, 
and the mixture shaken until clear; the flask is kept at 50" for eight 
minutes2 c.c. of a suljihuric acid previously diluted so as to bo exactly 
equal to the 30 0 . 0 . of alkali are then addei The contents of the flask 
are now diluted to a volume of 145 c.c. with water, and distilled. The 
first 30 0 . 0 . contain the alcohol, and are collected separately; 100 c.c. of 
the subsequent aqueous distillate are also collected separately. Both 
fractions are now transferresi to two flasks; to the acpieous distillate 
sufficient alcohol is' added to clear, and in both any free acidity is exactly 
neutralised; they are then boiled with an excess of d. n. alcoholic potash, 
and the loss of alkalinity ascertained by titrating back. 

The following are some results obtained by the method :— 


Hanus’ Mktbod. 


Stud Fat. 

C.O. d. n. Aikali reqnlred for the 
tepoDiflcntloi) of the Eateni. 

In the SO C.C. 
of AloohoUo 
DietUlate. 

Id the 100 e.c. 
of Aqueoui 
Biatlllate. 

Butter No. 1, . . , . . 

24'80 

9-05 

,, No. 2, . .. 

25-80 

8*05 

„ No. 8,. 


9-40 

Crude rocoa'HUt oil,. 

lo-as 

41-45 

Cocoa-imt oil, Cochin,. 

17-20 

40-10 

„ Ceres No. 1,. 

13-80 

42-80 

„ „ No. 2.. 

11-0.0 

43-90 

„ „ No. 8,. 

13-60 

38-20 

No. 2 Butter-t 5 per oout. cocoa-nut oil, . 

26-00 

11-20 


26-80 

14-90 

Lard,. 

0-60 

1-60 

„ -rT jwreent oocoa-nutoil, . . . .. 

, 2-00 

4-60 
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J. Bellier (Ann. de Ghim. Anal., 1906, xi.) suggests the following 
process based upon the fact that 100 grms, of normal butter fat requires 
43 62 grms. of crystallised copper sulphate to precipitate the fatty acids, 
whilst 100 grms. of cocoa-nut oil requires ir06 more grms., viz., 54'68 
copper sulphate. 

One grm. of the dry clear fat is saponified with 5 c.c. of normal 
alcoholic potash, and the soap solution neutralised to obtain the saponifica¬ 
tion value, then rendered just alkaline, and treated with 20 c.c. of copper 
solution representing ’4362 grm. of copper sulphate (2'181 per cent.), 
which should precipitate all the acids if pure butter. The liquid is 
warmed for a little time at 80°, then the precipitate is separated by 
filtration, and the filtrate tested by adding more of the copper solution; if 
appreciable turbidity is produced, a quantity not ercceding 10 per cent, of 
cocoa-nut oil was present, but if a decided precipitate, then over 10 per 
cent, of cocoa-nut oil is present. 

Quantitative approximations may be obtained by weighmg the dried 
copper salts and then enumerating and weighing, after complete oxidation, 
the copper oxide. 

The copper oxide from pure butter is 0’142, from cocoa-nut oil 0T78; 
1 per cent, of cocoa-nut oil would therefore increase the weight of the 
oxide by 0’36 mgrm. The process has not been sufficiently investigated 
to state whether it is better than the other piH|BseB detailed. 

K. K. Dons (Zeifudi. Nahr. Genussm., 190l||ptimatcs caprylic (octoic) 
acid in butter as follows:—5 grms. of butter f?are evaporated, the soap 
is dissolved in 100 o.e. of water,' and the fatty acids liberated by the 
addition of 60 c.c. of dilute sulpburic acid. After cooling, the*^ aqueous 
portion is separated, and the cooled cake extracted twice with 160 c.c. of 
hot water. The cake of fatty acids is then placed in a flask, 110 c.c of 
water added, also 20 grms. of glycerol, 6 grms. of sodic sulphate and some 
pumice stone, and distilled until 110 c.c. have passed over. The acidity 
of the distillate is then titrated as usual. The acidity is practically due 
entirely to caprylic acid. This is precipitated by silver nitrate. The 
quantity of the latter required, expressed as c.c. of d. n. silver, multiplied 
by Tl, gives what Dons calls the “eaprylio acid” value of the fat. An 
additive correction of 0'4 0 . 0 . is used for the solubility of the silver salt. 
Pure butter-fat gives values from 1’6 to 2'0, cocoa-nut oil 6’3, and butter 
containing 10 per cent, cocoa-nut oil from 2‘7 to 3'0. 


SUUHABT. 

§ 218. From what has been said the analyst will have no difficulty 
In distinguishing normal genuine butter from margarine, nor will 
he have any difficulty in detecting the presence of large quantities 
of margarine or moderate quantities of cocoa-nut oU in. butter. 
Even small quantities of margarine in butter may be detected if 
the analyst has full information as to the breed of cow,. the state 
of lactation, the season of the year, nature of feeding, eto., or if 
he is able to obtain a genuine sample of butter from the same source 
within a reasonably short space of lime and under the same con¬ 
ditions. If, however, he has no such information, as, 'for instauee, in 
the majority of samples ttiken for lanalysis under ^e ^e of Food and 
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Drugs Act, the problem he will have to solve is very difficult, as he will 
have to distinguish between adulterated samples and samples which are 
not adulterated, but which yield figures quite as low as do moderately 
adulterated samples. 

Thus Allen found samples of genuine butter which gave a Reiehert- 
Wolliiy figure of 22'5, and Vieth and others have found Heichert-WoUny 
figures of only 20. 

Van Byn* has recorded some exceedingly low figures obtained from 
Dutch butters, the Reichert-Wollny figure being in one case as low as 
17'0. One of his samples gave the following series of abnormal figures:— 


Sp. ffr. at 

Reichert* 

IiiiKil. 

Bol. 

Roett- 

lodiiie 

37-6'' C. 

Wolliiy. 

aculs. 

acids. 

sturfei*.- 

value. 

•9105 

19*2 

91 

3*8 

212*9 

46*6 


Such figures as these cannot, however, be accepted as representing 
normal butters, and they are only obtained from butters made in the 
autumn in the northern countries of Europe, where it is the custom to 
leave the cows out late in yhe cold autumn It has also been observed 
that a rise in the volatile acids begins shortly after such cows have been 
stabled. That the occurrence of these abnormal butters could be readily 
prevented by the proper management of the cows is shown by the fact 
tliat in the provinces of Limberg and North Brabant, where the cows are 
stabled over night practically during the whole year, the lowest Reichert- 
Wollny figure obtained by van Ryn was 28. An advanced state of lacta¬ 
tion also tends to cause abnormal figures, as docs disease, as has been 
observed by Nilson. Putting aside these very abnennai butters, the 
following table compiled from the results of various authorities may be 
taken as representing the composition of normal butter, and adulteration 
may be suspected if the figures obtained are outside the limits mentioned. 
Where no information as to the origin of the sample is obtainable the 
analyst will do well not to certify to adulteration even on such a low 
Reichert-Wollny figure as 20. unless this conclusion is supported by other 
figures, by distinct evidence of vegetable oil, or by the miorosoopioal 
examination. 

'1 


Tablb aiviKO Avsbaqi Vawbs fob tbb Standabd Tbsts. 



Butter. 

Margarine. 

Cocoa- 
nut oil. 

Meau. 

Max. 

Min. 

Mean. 

Eeichert-Wollny, 

23 

38-6 

24 

’* -8 

7-5-8 0 

Valenta. 

36° 

39° 

29° 

96° 


Specific gravity at 0,, . 

•8668 

•8635 

■8660 

■361 

•874 

Kefraction (.lean) at 45° 0., 

-30 

-84 

-26 

-16 

-69 

„ (Zeiss) at 35° C,, 

46 

49 

48-7 

62 

41 

Eoettstorfar value, . 

227-0 

•388-0 

221'6 

196 

268-246 

Insoluble acids per ceuL, , 

87-5 

90 

35-5 

96-6 

82-90 

Soluble acids per cest., . 

60 

7-0 

40 

traces 


Iodine value, .... 

34 

40 

24 

66 

0-9'5 

Melting-point,.... 

82*8 

35 

SO 

26 

20-28 


Palm-uut oil like cocoa-nut, but an iodine value of 10-17. 


1 “On the Compoeitiatt o^Dutch Butter,” by Dr. J. J. L. vau Byn, 1902. 






CHEESE. 


|§ 219, 220.] 



§ 219. 3Vie AnaJym of Rancid BvUer .—According to Hauus,> when 
butter goes rancid the glycerides of both the volatile and non-volatile 
acids are hydrolysed, the non-volatile being set free sooner and in 
larger proportion than the volatile. The glycerides of the saturated 
and unsaturated acids are equally affected. C. Amthor* states that 
rancid butter contains alcohol and also free volatile acids, esters of 
the volatile acids, particularly butyric ethyl-ester. How far the ana¬ 
lytical figures are affected by keeping butter is a matter of some 
doubt; according to C. A. Brown® there is a decided increase in the 
acid, saponification and lleiohert numbers, a slight increase in the ether 
number, and a marked increase in tlie iodine value, with a decrease 
in the soluble acids and glycerol. Tho experiments of other observers 
show, however, that the changes are only slight. Besaua, analysing 
a number of butters kept for vaiious times, only got a difference in 
the Keichert-VVolluy figure in the first decimal place, some showing an 
increase, otliers a decrease. Richmond^ has shown tliat the changes in 
tho analytical figures depend on whether the butter itself or the separ¬ 
ated fat is kept. - The volatile and soluble acids in the butter itself being 
increased, giving an apparent decrease in the filtered fat, ho suggests that 
the volatile acids should be determined on tlic butter itself without 
separation of tho fat, with sub-sequent determination of the actual fat 
taken. 


CuEBSB. 


§ 220. Cheese may be made from the milk of any animal, but 
the great majority of cheeses in commerce are made from that of 
the cow. Rennet is added to the milk, which causes the casein to 
split up into two compounds, one of which is soluble, and allied to 
albumen, the other® in the presence of calcium phosphate being 
insoluble; this latter carries down with it most of the milk-fat, 
as well as some of the milk-sugar. The rennet brings about 
this change by the action of an enzyme (renniu), which acts only 
in an acid or neutral solution, and has an optimum temperature 
of about 41° C. The thin whey is allowed to run off, and the pre¬ 
cipitated ‘curds’® submitted to pressure, which has the effect of not 


' Zeit. Ifahr, Omusam., 1900, iit, 321-328. 

® Zeit, amlyt, Chem., 1899,18. 

Amerimn Ghem. Sec., 1899, xxl., 976-994. 

‘ Dairy Ohemietry, 1899, pp. 298-2M. 

* Various names ^ve been given this uonipound, such as casein [EatWmrlOA\ tyroin 
(if. f eater), dys-chymo-caseosc [Hichmoiui), 

* An analysis of curds by M. Kubner is as follows s— 


Water,. 

Casein,. 

Fat, . 

Ash, . 
HUk-sugar, .. 
Total solids,. 
'Solids not fat,’ 


Percent. 
. . 60-27 

24-84 

. . 7-33 

4-02 

. . 8-64 

89-78 
• 82-40 
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snlj getting rid of the whey, but also of giving to the mays shape and 
cousistuiicj. Cheese may be made from soiu’ milk without the addition of 
rennet, the lactic acid precipitating the casein ; but most of the cheeses in 
commerce are made from fresh milk. Cheeses may be divided into two 
varieties—the soft and the hard; the former are manufactured by pre¬ 
cipitating with rennet at a low temperature, and using but little pressure; 
they have mostly an alkaline reaction. The hard cheeses are subjected to 
a higher temperature and stronger pressure, and have, when first made, an 
acid reaction. 

§ 221. Soft Cheeam .—Examples of soft cheeses are cream cheese, 
Noufchatel (a Swiss cream cheese), fromage de Brie, and Camembert. 

Hard Vheem .—Examples of hard cheeses are American, Cheddar, 
Stilton, Dtmlop, Gloucester, and others. 

The general composition of the chief cheeses of commerce naay be 
gathered from the following table;— 


TABLii XXII. —Composition op Chkjbs. 



Water. 

Ash. 

Fat. 

Nitrogen. 

Anal^ts. 

Amorican choose, meanl 
of six samples, . . j 

2?-6 

4'1 

32'6 


1 Ghattaway, Foarmavn, 

I ^nd Moor, 

American cheese, mean \ 
of two samiJes, . . J 

27'2 

4’1 

32-1 

6-80 

A. Wynter Blyth, 

('amombert, mean of two j 
samples, . . 

Cheddar (English), mean i 
of three samples, . ( 

Cheddar (English), mean \ 
of two samples, . . / 

45-6 

4-25 

82-2 

' 3-63 

/ Chattaway, (^eaimain, 

\ and Moor. 

84'2 

4*10 

28-6 

4-SO 

Do, Do. 

28-1 

3-34 

22-6 

7-3 

A. Wynter Blyth. 

Cheddar (Canadian), 

83 3 

8-60 

80-6 

4-3 

j Chattaway, Pearmain, 

{ and Moor. 

Cheshire, mean of two\ 
samples, . . . J 

847 

4-80 

33-3 

4-1 

Do. Do, 

Cheshire, mean of six { 
samples, . . . / 

44 ‘6 

4-61 

307 

4-6 

C. M. Blades. 

Cr^ni (double), . 

67 •« 

3*4 

39'3 

3-14 

t Chattaway, Pearmain, 

1 and Moor. 

Cream (York), 

6 S'l 

1-4 

6-8 

276 

Do. DOa 

Dunlop, 

38-6 

3-8 

31-8 

4-1 

Johnstone. 

patch, mean of two \ 
samifles, . . . j 

88'6 

8-4 

11-5 

4-8 

1 Chattaway, Pearmain, 

( and Moor. 

Oloueesterfdouble), moan 1 
of two aamplea, . . / 

86-2 

4-8 

25-8 

47 

Do. Do. 

Gloucester, . 

36'8 

4-2 

21-9 

6-2 

J'ohnstoue. 

Gloucester (single). 

21-4 

4-1 

25-4 

77 

A. Wynter Blyth. 

Gmy&re, mean of five! 
samples, . . «/ 

347 

8-8 

28-9 

4-9 

I Payen, laiidt, and C. 
j Mttller. 

Gmy^re, mean of two! 
samples, . . . f 

26-9 

4 '2 

80-2 

47 


\ and Moor. 

Froma^ de Brie, . 

51-9 

6-0 

24-8 

2-9 

A. Wynter Blyth. 

Neufchatel, . « . 

87-S 

3-4 

41-8 

87 

Do.’ 

Parmesan, . . . 

32'6 

6-2 

17-1 

6-9 

/ Chattaway, Pearmam, 

\ and Moor. 

Roquefort, . . 

20-6 

67 

30-3 

4-46 

Do. Do. 

Skim cheese, , 

48-1 

6-2 

O'0 

77 

A. Wynter Blyth. 

Wensleydide, - . 

28'S 

87 

88-3 

4-3 

1 Chattaway, Foarmain, 

) and Moor, 
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§ 222. Partwaan Oheete Ih a peculiar ulieeae, never mode in this country, 
but imported from Parma and elsewhere. The essential points in the 
manufacture are, that the rennet is heated to about 46°'6 C. (116° Fahr.), 
and an hour afterwards the milk set over a slow fire until heated to about 
G5°'5 C. (160° Fahr.). These operations cause the curd to separate in hard 
lumps. It is usually coloured with saffron. The outer crust of the cheese 
at the end of fourteen days is cut off, the new surface varnished with 
linseed oil, and one side coloured red. It is a very dry cheese, with a large 
amount of casein, and only a moderate percentage of fat. 

§ 223. The Ripening of Ghem .—The complicated changes which take 
place in cheese during ripening are not fully understood. They appear to 
be brought about (1) by microorganisms, (2) by enzymes, (3) by chemical 
action. During ripening, changes take place both in the proteids and in 
the fat. 

The Cheese Proteiil is decomposed into, first, albumoses and peptones, 
then into amines, and finally into ammonia. Frendenrich, Oohn, and othets 
held the opinion that bacteria, especially the lactic class, were the chief 
ageuts in bringing about this decomposition. Chodat tmd Hofmau Bang ^ 
have, however, shown that the lactic acid producing bacteria have no 
decomposing action on the cheese proteid even after it had been partly 
dissolved by Tgrothrix. The lactic acid bacteria undoubtedly play a pre¬ 
liminary and important part in the ripening of cheese, but the splitting up 
of the cheese proteid is chiefly brought about by the action of enzymes. 
.3)hcsc enzymes are, according to Babcock and Russell, contained in the 
original milk. 

The Cheese Fat is at first affected to a very small extent, but subse¬ 
quently the change is very great (Dni'laux), the glycerides of the soluble 
fatty acids being split up into free fatty acids and glycerol, but subsequently 
the oleic acid glyceride is attacked. According to Karl Windisch,^ these 
changes in the fat are brought about by micro-oi^nisms, thq ammonia 
produced by the decomposition of the protoids also acting on the glycerides 
of the fatty acids. The acids produced are chiefly non-volatile fatty acids. 

The following example illustrates the changes taking place in the cheese 
proteid:— 


Cheddar, six 
months old. 
A. Vivian.* 

« ^ A . ' 

304* • 


IiiKoluble aerogun,. 
Mtrogen asubumosesand \ 

,, wideB, 

ammonia, * 


Per cent 
8»18 


•86 

•09 


8 The Anahjms of Cheese.—The chief difficulty in the analysis 
of cheese is in the extraction of the fat; one method, recommended and 
used by the American chemists, is to take a weighed quantity of cheese, 
mix it intimately with anhydrous copper sulphate, and then exhaust it in a 
Soihlet tube with petroleum, ether, or o Jier suitable fat solvent. A second 
method is to rub up 26 to 60 grms. of the cheese with sand or gypsum, 
and“»imjlarly exhaust with ether or petroleum. The fat iu cheese may 
also be estimate by ‘ whirling.’ Chattaway, Pearmain, and Moor operate 
as follows, using a LeSmanu and Beam apparatus2 grms. of cheese are 
reduced to as fine a division as possible, transferred to a small dish, and 
heated in the water-bath with 30 o,c. of concentrated hydrochloric acid 

^ Ann, PaHcurt 1901, xv., 86-48. 

a Chem, Cenir,, 1901, i., 128-130. 

* WUeoMin State iSep., 1899, 1^9-186 
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until dissolved. The mixture is poured into a Loffmaiin-Beam bottle, the 
dish rinsed with the hydrochloric acid and fusel oil mixture into the bottle, 
and, finally, enough strong hot acid added to fill the bottle up to the mark. 
It is then ‘ whirled.’ 'riie I.ieffmauu-Beam bottles are graduated, so that 
ten divisions e(jual 1 per cent, by weight of fat in the 15'55 grms. of milk 

taken; hence, the factor to be used is —= 7‘7. 

A 


The Wemer-Sehmid method will also be found satisfactory. 

The water in cheese is best estimated by extracting the powdered 
cheese by alcohol and other, and drying the alcohol ether extract and the 
fat-free solids separately. This is a better method than drying the solids 
in the oidinaiy way, which will be found in many oases to be extremely 
tedious and inaccurate. With alkaline cheeses there appears no other 
way of obtaining the amount of water than careful neutralisation of the 
free alkali by an acid before drying. The sugar must be determined on 
the principles laid down at p. 224; the lactic acid and the ash on the 
principles laid down at pj). 230 and 228. 

The protcids are best determined by subtracting all the other con¬ 
stituents from 100. The nitrc^cn may be determined by Kjeldahl’s process, 
but the percentage of nitrogen contained in the organic nitrogen compounds 
of cheese varies from 15‘8 in the original cheese proteid to 7’73 in tyrosine. 
Nitrates' are also said to be sometimes present. 

if a further examination of the nitrogenous compounds contained in 
the ohocso is required in order to judge of its ripeness, the following process 
may be employed:— 

Total Nitroj/en. —The nitrogen in 2 grm^^ the cheese is fstiraated 
by KjeldahTs method. 

Nitrogen as Ammonia. —fijigrms. of the cheese, well ground up with 
clean sand, are mixed with 20 ' o.c. of water, barium carbonate is added 
and the whole distilled into stiindard acid. 

Nitrogen as insoluble proleiils, AUmmoses, Te/Aones, ami Amides .—50 
grms. of the cheese are well ground up with sand, mixed with dilute acetic 
acid, boiled and filtered; the filtrate is divided into two parts; the 
total nitrogen is determined in an aliquot portion of one part; the per- 
'oentage of nitrogen found deducted from the total nitrogen gives the 
nitrogen as insoliMeproteids. To the other portion rendered acid with dilute 
^sulphuric acid (1 ;4), phosphotungstic acid is added until no more precipitate 
formed; the liquid is filtered, and the nitrt^en determined in an .aliquot 
portion of the filtrate; the nitrogen found represents that due to amides 
and ammonia. This deducted from the nitrogen in the first portion gives 
the nitrogen as altmmoses and peptones, 

§225. Adulterations. —The chief adulteration is the incorporation of 
animal fat—this is effected as follows: *—“An emulsion of lard is made by 
bringing together in a disintegrator lard and skimmed milk, both previously 
heated to 140° Fahr. in steam-jacketed tanks; the disintegrator consists 
of a cylinder revolving within a cylindrical shell; the surface of the 
cylinder is covered with fine serrat^ projections, each one of which is a 
tooth with a sharp point; ns this cylinder revolves rapidly within its shell 
the mixture of melted lard and hot skimmed milk is forced up in the 


Lefftnaun and Beam, "Select Methods of Food Analysis,” 1901, p 240. 

‘ U.8. Dep. of Agciculture, BuU., No. 18, 1887, “ Fooda and Food AdultecatiOD,’' 
H. W. Wiley. a 
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narrow intorsiiaoe and the lard becomes very finely divided and most 
intimately mixed or emuUiouised with the milk. This emulsion consists 
of from two to three jiarts of milk to one of lard; it can bo made at one 
factory and taken to another to be (ised for clioose, but it is usually run at 
once into the cheese vat. 

“ In making the clieosc a quantity of this omulsioii, conbuuing alwul 
80 lbs. of lard, is added to fiOOO IIjs. of skimmed milk aud about 600 lbs. 
of butter milk in the cheese vat, mid llio lard that does not remain incor¬ 
porated with tlie milk or curd (usually aliout 10 lbs.) is carefully skimmed 
off. These quantities of materials yield from 600 to 600 lira, of cliecsc, 
coutaining aliout 70 lbs. of lard, or about 14 per cent. Aliout half of the 
fat removed in the skimming of milk is replaced by lard.” 

Hence, the fat extracted from clieese should always bo tested by the 
Valenia test and by the Rcichert-Wollny process, and if a suspioious result 
is olitaincrl, it must then lie analysed in the same way as butter. In such 
a case it is best to extract the fat from 100 to 150 grms. of tlie cheese, 
so as to have sufficient for the various methods describe under ‘ Butter.’ 

According to O. Fescetti and F. Gliigi' in genuine cheoses the Keichert- 
Wollny number exceeds 18. Margarine cheeses give values below 15 and 
generally below 6. The refraotometer value (Zeiss) of genuine cheese lies 
below 47‘''6 at 3.5° C., and for margarine cheese above 48”, hut those fall 
during ripening, as does the Itcicliert-Wolluy figure and to a less extent 
the saponification number. The iodine valued first decreases and then 
increases during riiicning. 

tilum Milk Cheem .—Other a-lvUerallme of cheese which have actually 
heeii fouhd arc not numerous. All mineral adulterations, save tlioso of vola¬ 
tile metals, must be looked for in the ash, which ooiisists normally of common 
salt, alkaline, and ^rtliy phosphates. Cheese has from the earliest to the 
present time been coloured by vegetable matters, and so long as the hitter 
are hot injurious, such addition cannot be considered as adulteration. 

Thin slices of clieese should be examined microscopicaliy^after dissolving 
ettt the fat, etc., by ether j in this way starches and vegetable sulistances 
pw,y be detected. Arsenical washes and lead pastes have often been applied 
to the rind to prevent the attacks of the fly. As this part is habitually 
eaten by a few people, it is necessary to examine it, especially for these 
metals, aud, in a complete investigation, to make two separate analyses, 
one of the rind, and the other of the substance of the cheese. 

In past times, a few isolated instances have occurred in which it was 
found liiat the manufacturers of clieese had mixed preparations of arsenic 
with the cheese itself as a preservative :—e,g., such was the case in the 
year 1811, when several of the inhabitants of Chatillon were poisoned by 
this means. In 1854, the same thing occurred, and a Parisian family 
suffered, but not fatally (Glitmallier). It is to be hoped that such ignorance 
\a thing entirely of the past. 

^^Tyrotoxicon, diazobensol C 5 fl 5 K 2 ((Hl), has been discovered by Vaughan 
f“Eeport of Michigan State Board of Health,” 1886) in a cheese which 
caused the illness of some 300 people in Michigan. The crystalline sub¬ 
stance was isolated from a watery extract of the cheese by the process 
detailed on pp. 604-50.5 of Potions, by A. Wyuter Blyth, 3rd edition. 

Whey.—Mia the removal of the curd from milk, a ‘whey’ remaine, oontainuig 

* Chem. Oenir., 1601, i., 578, 574. 

• Karl Windisch {Chm, Cmir,, 190^ i, 128-150), 
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protelds, milk-sugar, lactic acid, and salts. The mean of thirty-two analyses collected 
oy Kiiiiig gives the following as the average omniiosition of' whey ’:— 


Water,.93-31 

Nitrogenous substances,. '83 

Fat. -24 

Milk-sugar,.4-6S 

Lactic acid,. -33 

Salts. -65 


Whey, on account of its high content of milk-sugar, is used fur the jiro|>aration of the 
latter, and there is also a 'whey-vinegar,* In very many jilacea, however, whey is used 
merely as a food for pigs. 


Lard, 

§ 226. Lard is, from an analyst’s point of view, the fat of the pig. 
Lard used to be defined as the fat from particular parts of the pig—that is, 
the solid fat from around the kidneys, and from the peritoneum; but the 
enormous American industry in lard has thrown on the market pig-fat from 
all portions of the animal, and the term ‘ lard ’ cannot properly bo restricted 
to fat from particular parts. On the other hand, ‘ leaf-lard ’ should always 
be fat from what the butchers call the ‘leaf’—that is, the peritoneum. 

The American packing trade, according to Wiley,* ‘ render ’ the follow¬ 
ing varieties;— 

1. Neutral Lard. —Fat derived from the leaf of the pig rendered in a 
fresh state at a temperature of fi-om 4(|° to 60° C.; this lard is not much 
exported, but is mainly used up in the mannfactiire of oleo-margarine. It 
is almost neutral. 

2. Choice Lard, Ckoit^ KMe-rendered Lard. —This is lard ntade from 
leaf and trimmings only. It is rendered in steam-jacketed open kettles, 
hence its name. 

3. fVfmc Stteam Lard. —^This is apparently pig-fat rendered by steam 
from all or any portions of the animal. 

. i . A Ime quedity lard made from the ‘guts,’ by which term the hog 
MKors mean the whole of the abdominal viscera. 
pp!"''lt is obvious, therefore, that different lards will show analytical varia¬ 
tions. Spaeth has made some useful observations on the chief analytical 
‘■and physical distinctions of lard derived from various portions of eight 
animals liis results are as follows:— 



European 

Amurioan Xar^e. 


Fat from 
the Back. 

i^tfrom 
the Kidney. 

Fat from 
theU»t. 

Fat 

from the 
Head. 

' Fat 
from the 
Back. 

Fat 

from the 
Leaf. 

S|)eoi0o gi'avity at 100** 
(water at 16*—1), . 

0-8607 

0-8690 

0-8688 

-8682 

-8616 

-8626 

MeltiiiK'Poi&t of fai . 

83“-8 C. 

4 s'-2 a 

44°-6 C. 




„ of btty acids, 

40°-0 „ 

48°-2 ., 

42°-9 „ 


... 

... 

Iodine value of fat, . . 

„ of fatty acids, 

60-68 

62-80 


68-9 

'68-8 

61-1 

61-90 

64-20 

64-48 

B 



Free fatty acids, KOH per 
100 gnns. 

0-64 

0-68 

1-28 

■ 



„ „ calc, os oleic 

acid, . '. . . 

0-152 

0-188 

0-860 

■ 

.... 

... 
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§ 227, 27ie Phydctd Ghartuierirtii's of ion?.—Lord posseBues a p»ir 
white colour and a granular texture. The specific gravity of lard at 40"'0 C 
is about 0'898; at 100° C. about 0‘861—that is, in each ease, waterat 15°'0C 
being taken as 1. The increase in density for each degree C. is '00062 
The melting-point of lard is from 34°'0 to 48° C.; Wiley, for American lai'ds 
considers a wide deviation from 40° 0. as a sign of impurity. The solidifyini 
point of butcher’s lard is 28°'6 to 29°'9 C. American steam lard from 25° t' 
27° C. 

A bettor test is the solidifjdng point of the fatty acids j this, in thi 
prime steam lards, varies, according to Wiley, from 41°'4 to 4.'i°'Q C.; ii 
other lards from 36°'9 to 46°'6 C ; these numbers agree fairly well witl 
those found by Gladding. 

The refraction of lard has been studied by Wiley, using an Abbe’i 
refractometcr. The rate of variation for each degree of temperature wai 
fo'jud to l)C 0 000288, and the refractive index varies inversely as th( 
temperature. The refractive indices were taken at various temperatnrci 
between 30° and 40° C., and then reduced to 25° C.; at that temperature wate: 
had a refractive index of T3.300, and the mean number for pure lard wai 
T4620. Zeiss’ butyro-refractometer or Jean’s oleo-rofra<jtomoter will h< 
found preferable to Abbe's instrument. Cotton-seed oil may l)e detectec 
with certainty by this means; it may also be used as a corroborative tes( 
in the case of beef tallow. The following table gives some of the figuroi 
obtained 



I)ef(reefl of Oleo- 
Kefractometur. 
Jean. 

Butyro-Uefracto- 
meter at 40* C. 
UaoBfeld, 

European lard. 

-12'6 

48-8 to 61-2 

„ stearin, . 

-lOto-11 


American lard, 

-4to-n-5 

61-4 

Beef tallow, . 

-16to-17 

49*0 • 

„ stearin, . 



Cotton'Seod oil, 

•H2to-t23 

6V0 

,, stearin,. 

Cocoa-nut oil, 

■r25 


-64 

38'6 


MieroKOfneal Appearanren of Lard. —If forty drops of melted lard an 
dissolved in 10 o.c. of ether and allowed to cool, crystals are soon deposited, 
which have the appearance of oblong plates with oblique terminals; thest 
occasionally occur in radiated groups, 

Beef fat, on the other hand, alwa^ forms more or less radiated group 
of crystals, and the individual crystals are in the form of needles, noi 
plates (see Fronti^iece). Some of the crystals are of a wavy / shape. 

This test must not be taken as absolute proof of the presence of beei 
stearin, as Hchiier and Mitchell have shown^ that the form of the crystah 
depends entirely upon the proportion of- stearic acid contained in the 
sample. Hehner has more recently* shown that in pure lards containing 
a high percentage of stearic acid the crystals often cannot be distinguishec 
from those obtained from lard largely admixed with beef-fat. 

§ 228. Chsmieal Charaeterietio of Lard—Aloitture in Laid. —Lard 
consists of the glycerides of palmitic, stearic, and oleic acids, and also a 

> Th* Analyit, vol. xxi., p, 828. 

> The Amlytt, vol, xxvii., p. ^8. 






small amoiiut of linolin. Hehner has obtained stearic acid in quantities 
varying from 6 to no less than 24‘91 per cent. The quantity of water in 
lard is fractional; it should never exceed 07 per cent. An amount of 
water equal to 1 per cent, would be on adulteration. 

Inmlnhle Fatty Acids .—These vary from 93 to 95 per cent. 

Voliitik Acitts .—The volatile acids arc always small in qu.aiitity. If a 
Rcichort-Wollny test 1)0 applied aud .5 grins, be sajionified, decomposed, 
and distilled, the distillate does not neutralise more than 0'5 c.c. of d. u. 
soda. Should the amount of volatile acid be more than this, it is a 
suspicious sign. 

Haponifieotion Value ,—This has been stated by Koettstorfer to be 
equal to 195’G ingrms. of KHO, by Valenta as from 195‘3 to 19C‘6, and by 
Wiley as varying from 193'4 up to 203-1 with a mean value of 198. 

Iodine Nmiiher .—This is a value deiiending on the amount of olein in 
the lard; it rises above the normal when lard is adulterated with oils of 
larger olein content and sinks below the normal when lard is mixed with 
stearins, having a small iodine absorption. Mixtures can be made, however, 
which will pass the iodine test. 

Unfortunately the nonnal iodine number varies much in the fat of the 
pig derived from dillbrent parts of the animal; compare, for instance, the 
iodine values given at p. 310. Wiley, for prime steam Anierican lards, 
gives the value as from 60-34 to 66-47 per cent of iodine absorbed, with a 
mean value of 62-5; Hubl gives a mean number of 69; Uieterich from 
49-9 to 63-8. So that all that the analyst can say is that a number below 
about 49 or higher than 64 is a suspicious sign, llehuer has obtained from 
a lard, melted out by himself, a value of only 45-6. c 

Another method is to separate the insoluble fatty acids, and as in Muter 
aud de Kouiugh’s process (idready described, p. 297), determine the iodine 
number of the liquid fatty acids I’ure lard, according to Muter, yields a 
liquid fatty acid having an iodine numlxir of 94; cotton-seed oil, on the 
other hand, has an absorption under the same couditions of 136; so that if 
the iodine number is above 94 adulteration with vegetable oil is indicated. 
Muter’s iodine number of 94 must not be considered final, for Wallenstein 
and Finck* have made some researches on the liquid fatty acids of European 
"lards, and give the iodine number aai'from 93 to 96, and the iodine number 
of the liquid fatty acids of American lards as high as from 103 to 106. 

The Maumenf, Ted .—This is the rise of temperature when a definite 
quantity of an oil is mixed with a definite quantity of strong sulphuric 
acid. The drying oils examined in this way give a much higher temperature 
than the non-drying oils. Comparable results are obtained by operating 
on strictly the same conditions. These conditions ar8 to use the same 
volumes or weights of uU and acid, to bring the two to the same initial 
temperature before mixing, and to have the same strength of acid. This 
latter may, however, not be essential if Thomson and Ballantyno’s sugges¬ 
tion be adopted of referring the rise of temperature obtained with 60 grms. 
of oil and 10 c.c. of sulphuric acid, to the rise of tempetature which 60 
grms. of water give under the same conditions; the rise of temperature 
with the oil, divided by the rise of temperature with the water, gives a 
quotient which they have named “siicoific temperature reaction.” This in 
some degree meets the difficulty of twting with different strengths of acids. 
The best method of bringing about a temperature reaction after Maumen^’s 
method is as follows:— 

1 CTksb. Zdt; 1894,1188. 



Solphurio add o! *97 ^ edit, strength is ponred into dij stoppered^ 
bottles of small capacity, and all sare one securely protected by a lute 
from the air. The analyst can now get his standard from the small bottle 
in use, and this standard will hold good for all the rest. 

To apply the principle to lard, 50 grins, of the lard are melted in .a 
small flask and kept at a temperature some 2' or 3‘ C. above the melting- 
point, by standing in a water-bath kept at a constant temperature. The 
small bottle of sulphuric acid is also placed in the same water-bath, and 
when both acid and melted lard are equal in temperature, 10 o.o. of 
sulphuric acid are transferred to the oil at the same moment tliat the 
flask is immersed in a beaker and packed with cotton wool; the mixture 
is then well stirred with the thermometer and the rise of temperature 
noted. Such various degrees of heat have been stated that it would lie 
unwise to rely upon any published statement, but a standard shonld be 
made by operating on pure lard; under these circumstances good com¬ 
parative results will be obtained. For example, Bugler and Uupp found a 
lard givingarise of temperature of 31° to 32° C .; the same lard with 10 per 
cent, of cotton-seed oil gave a reaction of 34° C .; witli 20 per cent, cotton 
seed oil, 40° to 42° C.; and with 50 per cent, seed oil, 68° C!. In all cases, 
indeed, the same operator will find a difference between the temperature 
reactions of pure lard and lard mixed with oils of high temperature 
reactions. 

Helmer and Mitchelli have proposed to treat the fat with bromine and 
ascertain the rise of temperature. 1 grm. of the oil or fatty acid is 
dissolved in 10 c.c. of chloroform in a test tube enclosed in a vacuum 
jacket; 1, c.c. of bromine is added, and the rise in temperature noted by a 
delicate thermometer. The bromine, oil, and solvent must all be- at the 
same temporat'U’6 before mixing. 

The rise of temperature of 10 samples of lard gave a mean number of 
lO^'T C.; a sample of lard with 10 per cent, cotton oil, H°-6 C.; cotton oil, 
19°'40.; cod-liver oil, 28° C.j oliveoil, 16° 0.; butter,7° C. ;'by multiplying 
the number of degrees by the &otor 6*5 a close approximation to the iodine 
number is obtained. Thus the process chocks a Ilubl determination. 

^ 229. AMta'otum of Lard .—^The chief sophistication of lard is 
.umixture of beef stearin, either alone or with vegetable oils, especially 
vcton seed oil, cocoa-nut oil, sesamd oil, or maize oil. Cotton-seed stearin 
nas also been used, either with beef stearin or alone. Water is generally 
enumerated as an adulterant, but the wilful addition of water at the 
present time is rare. 

The adulteration of lard is on a large scale, and great ingenuity has 
been shown in devising mixtures which will pass the analytical teats. 
Hence the analyst, when he examines a suspicious sample, must never 
condemn on one test, but should a^rtaiu what are the chief lard constants 
before he pronounces an opiniem. 

The chief analytical values of the different adulterants of lard are 
tabulated in Table XXIIL, from which the following facts will be 
apparenv:— 

(m) Specific Grasity .—AH the adulterants save beef stearin raise the 
specific gravity of lard; l^ef stearin is, on the other hand, about the specific 
gravity of lard. 

(5.) The Solidifying- or Freezing-Poini of the Fat. —Cotton-seed oil, 
amchis oil, sesamfi oil, maize oil, and even cocoa-nut oil, have all lower 
* Analytl, July, 189S. ' 
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figures for tho freezing-poiut than lard; on the other hand, beef stearin 
is somewhat higher, so that a 10 per cent, admixture of beef stearin will 
have but little eii'oet on the freezing-point of tho mixed fat. Oottou-seed 
stearin also may have the same freezing-point as lard. 

(f.) TliP. Freezing- nr Solidi/ying-Foint of the Fatty Acide .—^Tlie same 
remarks apply to the solidifyiiig-point of the fatty acids, but here another 
valuable distinction comes in—viz., the very great difference between the 
freezing-point of sonje of the oils and fats and the freezing-point of their 
fatty acids; for example, pure lard giving a solidifying-point of 25' to 29” C., 
the fatty acids are on an average 10' to 16” C. higher: on the other hand, 
cotton-seed oil as compared with the fatty acids will show 30” of difference, 
while maize oil aud cocoa-nut oil will differ but to a slight, often inap¬ 
preciable, extent. 


TAULK XXIII.— Cbkmioai. Asn Physical Constants of Lards and boms 
Oils dskd for tub Adultbiiatiun of Lard. 


SpecUtu Oravlty. 
Water=l. 


lARD, . 


SoUitUyiliKPoiut. 


IiiAotuSle SaponlS. 

Acids. 1 ouilon. ludllic 
Ueliuer I Mki'ris. Value. 
Val. KOH. 


. 


1 

26--2B’ 

AT-iri 

MO 


CottoHHieed oil. 

'022-‘e80 

•867-”8a8 

(Tto-l* 

ArachiBoll, . 


”894-”898 

-8“to-7* 

Sesame oil. . 

•921-'924 

■8(»-”871 

-4*to~0* 

Maize oil,. 

•921--921! 

'g68-'8(K) 

- nr to-16* 

Coooa-nut oil,. 

*923 

•878 

i(r-20“ 

Beef stearin 
(tallow). 

”943-”062 

•860 

33'to 48* 

Cotton • seed 





*928 

•865-‘867 

ie*-82* 


191-196 

100-117 

190-190 

87-ltf' 

188-101 

103-112 

189-190 

111-119 

246-208 

, 8”9 

193-200 

86-40 


u of llic above laave cocoa-nut oil) mve more than aulSoient volatile acid to neutrallae 
0'S1IV&'d. n. Boda wben aubmlUed to the Rclchert-Wollny teat. Coooa-uut oil, however, slvea a 
defium Belchert-Wollny value ot about 7 c.o. of d. u. soda for 6 gnus, of the fat. 


(d.) TIis Fmluble Acids .—These acids, save perhaps in the case of 
cocoa-nut oil, are of little value to determine, all the oils and fats in the 
table (^ve cocoa-nut oil) yielding approximately the same amount of fatty 
acids. 

(c.) VdalUe Adds .—A Reichert-Wollny determination of the volatile 
acids becomes of great importance when cocoa-nut oil is suspected. A 
somewhat low content of insoluble acid and an appreciable amount of 
volatile acid, such as sufficient to neutralise over 2 o.c. of decinormal soda, 
points strongly to some fat like cocoa-nut oil, containing soluble and 
volatile fatty acids. 

(/.) The Saponijication Value .—The only oil in the table that is likely 
to raise materi^ly the saponification value is ooco^nut oil 

(g.) lotline Value .—All the oils, with the exception of cocoAnut oil, 
-raise the iodine value; on the other hand, the stearins generally depress it.' 

(A.) Maumeni Test .—Mixtures of either cotton seed oil, arachis ml, 
sesam^ or maize oil, raise the thermal indications. 

Having obtained som^ indication of adulteration from a comparison .,<1 







§ m.j 'tMs.: 

with the constants above enumerated, the results will have to be confirmed, 
or otherwise, by special tests, as follows:— 

Spedd Testa for Vegetable OUs. —As lard is wholly animal, and as there 
are some analytical differences between animal and vegetable fats or oils, 
the sample may be tested as follows:— 

Proeem for Detectmi of Phytosterol. —Sialkowskii was the first to show 
that animal fats contained cholesterin only, and vegetable fate phytosterol. 
His original process has been modified and improved by A. Bomer* and others. 

60 grms. of the fat or oil are saponified by means of alcoholic potash. 
The soap is heated in a beaker for about an hour on the water bath, then 
transferred to a large separating vessel provided with stopcock and stopper. 
200 c.c. of water are added, and the liquid, when cool, shaken up with 
500 c.c. of ether. The ether is separated from the soap, which is again 
treated with 200 to 250 o.o. of other. The other is recovered by distillation. 
Th^ ether extract is dried and obtained alcohol free by heating on the 
water bath and again saponified by alcoholic potash, and the process re¬ 
peated on a small scale, us above. The ultimate product is dissolved in hot 
alcohol (absolute) and allowed to crystallise. Cholesterin usually crystallises 
in rhombic plates, phytosterol in fine noodles. In cases of adulteration, 
however, both cholesterin and phytosterol will be present. Cholesterin 
melts at 148“'4 to 150“‘8, phytosterol from 138"'0 to 143°'8 C. A mixture 
of cholesterin and phytosterol (1; 3) melts at 135° to 136°, while one part of 
phytosterol to three parts of cholesterin melts at 144° to 144°'5; other mix- 
ilures follow more closely the calculated mean melting points of mixtures. 

Besides the microscopical appearances and the melting point there are 
a few sjteoial tests for cholesterin. The crystals, dissolved in acetic acid, 
and after the addition of a small lump of zinc chloride, warmed with acetyl 
chloride, give a red colour with green fluorescence (L. Tschugaem).® 

. A. Bomer now prefers to change the ultimate crystals into their acetic 
esters. The dry crystals are heated with acetic anhydrgie in a covered 
watch glass for a few seconds to boiling, the unused anhydride got rid of 
by evaporating over the water bath, and crystallisation effected from 
absolute alcohol.* The acetic ester of cholesterin melts at from 114°‘3 to 
114°‘8 C., phytosterol at 123°'6 to J37°'0 C. 

Bfimer has worked out the melting points of the esters of artificial 
mixtures in per cent, of the plant oil or fat added as follows 
117-118°, 1 to 2 per cent, vegetable oil added. 

120-121°, 2 to 3 ., „ 

123-125°, 3 to 4 „ „ 

Welmrm’s Colour Test. —1 grm. of the melted lard is dissolved in 6 c.c. 
of chloroform in a test tube, and agitated with 2 c.o. of a freshly prepared 
solution of phospho-molybdic acidv or of sodium phospho-molybdate and a 
few drops of nitric acid. After stawling for a short time the chloroform 
layer remains colourless; the upper layer, in the case of animal fats or oils 
generally (cod-liver oil excepted) also remains colourless; but if the lard is 
mixed with a vegetable oil, or if it is rancid, a green colour appears in the 
upper layer. alkalising with ammonia, the green colour changes into 
blue. This colour test muse not be too much relied upon, but it is useful 
as a preliminary test. 

> Zeitsehriftf. anal. (Humit, xxvi C57. 

' ZeUsehr^ f. Unlersuchmig d. Ifahrmas- u, QtmsmitUl, L 21, 81, S32, 5S8, 
•iWd.,iv. 874. 

* The crude acetates should be oiyetallised eeveral thnee. 



, tMitk Asia.—This aeid u stated % Smedlifit and Ssshra abt to S? 
^^tained in kri It is a. constant constituent of vegetable oils. The 
' 'Bieth^ of detection is based upon oxidising it into sativie acid, a crystalline 
^•acid insoluble in cold water, ether, benzene, and carbon disulphide. On 
.the other hand, Fahrion states that he has obtained sativie acid from pure 
lard; therefore there is at present some doubt in the matter. Uence, 
until the point is definitely settled, attempts to separate sativie acid will 
not be of great utility. 

Special Teets fur Cottoti-seeil Oil, SesamS OH, Arachii Oil, and Maize 
Oi7.—These are fully detailed in the article on Olive Oil, to which the 
reader is referred. It niust be rcmoiuiborod that lard made from animals 
fed on cotton-seed cake, etc., may give faint indications of cotton-soed oil. 

Detection of Beef Steanii. —liy far the best method is one worked out 
by Stock, who prepares two sets of mixtures. The one mixture consists of 
ard melting at from 34” to Bb" C., mixed with 5,10,15, and 20 per cent, of 
beef-fat—-melting-point, 56” C. A second mixture is prepared, also of pure 
lard, but with a higher melting-point--viz., 39“ to 40“ C.—and mixed with 

similar proportions of beef-fat, tho beef-fat having a lower molting-jwiiit_viz., 

60 C. The melting-point of the sample under examination is taken by )ji#' 
capillary tube method, and, according as to whether it has a high oi-iiA 
melting-point, tho first or the second series of comparison mixtures is-OtM. 

3 C.O. of the melted fat are run into a graduated stoppered tube o^^ljkc. 
capacjty; 21 c.o. of ether are added, and tho fat dissolved at a temp4Fatul*p 
of 20 to 26 C.; 3 c.c. of each of one of the sets of mixtures are treated m 
precisely the same way. The five cylinders are cooled down to 13° C., and 
kept approximately at that temperature or a little lower over-night. The 
volume of crystals in each case is noted, and an approximate estimate in 
this way obtained. The ether is poured off' as completely as possible, and 
10 C.C. of ether added at 13 C. The cylinders arc again shaken, and allowed, 
as before, to deposit, hinally the content of crystals is weighed, and this 
weight compared with the weight of the orystala of known composition. 
Stock found that with regai-d to lards melting below 39“ C., no sample yielded 
(under the above conditions) more than 11 mgrms. Samples of higher 
melting-pomts, such as 45”'8 C., might, however, yield as much as 146 
mgrms. '1 he ctystak are carefully examined by the microscope. In the 
case of mixtures, intermediate characters between the crystals of pure lard 
{Frontiefdeee) and beef fat (Frontispiece) will be obtained, and in a good 
many cases the chief crystalline form will be that of boef orj-stals. The 
proo^, when mmbiued with chemical data supporting the suspicion of 
admixture, is without doubt of great value, but requires experience. 

Larderine.—There are' some mixture in j,the market sold honestly as 
such under various fanoy'names; one examined by Mr. Bodmer gave the 
following figures 

Melting-poiiit, . . . 88“-OO. 

8 i)eciflcgr»v%atS8“-8, . . 0-»105(*0-8724atl00"). 

Beichert test a-S grma, . . l-OO e.o. d. n. baiyta. 

Tempentiire resetaon <Maumea4), 43° 0. 

Iodine absorption, . . S6'6 per cent 

Saponification figure, . .20r8 mgnns. KHO. 

Baponifiaatian equivalent, . . 277-7. 

Ilitmte of silver, . . . Huob reduction. 

Crystallisation from ether) . . Beef crystals. 

Emer deposit (Stock’s pneess), . ' 37 nigrm' 

Oleo-refraotoideta^ . . , B“. . 



Ur Bodmer oonUdered the sample to probably oantain lA per i^i'beef stearin, SS oosi^ 
&t, IS cotton-seed oil, 30 per cent lud.’ '' 

Since the above is a typical case o{ adulterated lard, it may be useful' 
to examine the figures in detail. First, the melting-point affords no 
indicaticoi of imjiurity. The specific gravity is higher t^n usual, and is 
suspicious. The Keichert test gives decided indications of more volatile 
acid than in lard, and in itself points clearly to cocoa oil; the saponification 
figure is fairly high, but not beyond genuine lards. 

The iodine number, although not very high, is yet higher than in the 
majoritytjf genuine lards; Bechi’s nitrate of silver gave a decided reaction 
indicative of cotton-seed oil; lastly, beef stearin crystals were discovered, 
and the ether deposit weight 37 mgrms., which for a lard of 38" melting- 
point, according to Stock, is never found in genuine samples. Hence tlie 
diagnosis of a mixture of beef stearin, cotton-seed oil, cocoa oil, and lard 
is perfectly justified, and the only thing open to doubt is the quantities 
which have been assumed to be present. 

As there are considerable variations in the composition of genuine lard, 
all calculations of the amount of the fats or oils entering into the mixture 
are liable to error. 

* ‘IntUyst, 1896. 
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PART V.-TEA, COFFEE, COCOA. 


TEA. 

§ 230. Varietim of Tea .—Tea is the dried leaf of different species of 
Tliea, a section of the genus Camellia. The botanical varieties do not 
appear to be numerous. Thea Bolm, T. viridis, and T. sinensis, all Chinese 
plants, Thea Assamica, indigenous to Assam, and one or two hybrids, are 
the principal plants from which the nnmerous teas of commerce are derived. 
Jhe difference depends on the selection of yonng or old leaves, and special 
> treatments in drying and otherwise preparing the leaf, rather th^ on 
essentia^ botanical variation. 

The varieties of tea imported into this country arc extremely numerous; 
but seldom docs any one of them reach the consumer unmixed, for the 
wholesale tea merchants carefully improve their teas by ‘ blending.’ The 
most common sorts are—Gunpowder, Hyson, Congou, Capers, and Tndian 
tea. Of these, the Gunpowder and Hyson are dried at a hijArcr temperature 
than the others, and contain less hygroscopic moisture. The Capers may 
be generally told by the leaves being rolled up into little lumps with starch 
or gum; as a class, they are much adulteratw, and, in fact, can hardly be 
called genuine tea. 

Besides these, there are a number of special teas, some of a very high 
price, and imported in a state of great purity; but such teas are used 
almost entirely for mixing or blending.' They are known under the names 
of Muyone, Moyone gunpowder. Oolong, Manmma Kaisow, scented PekoM, 

' In nooper’a travels (“Travels ofs Pioneer of Conuneroe,” by T. T. Cooiicr, toidon, 
1871), there IS an interesting account of the brick tea used in Thibet, some of which may 
find its way to Eussia, but none, probal^, to tliis country. It is the staple produce of 
the city and district of Yatxow, and thetree from which it is prepared attains not un- 
frequently the height of 15 feet It has a larjr- crane leaf, and is cultivated mth little 
care, growing along the borders of fields and homesteads. There are three qualities of tire 
tea: the first is gathered in June and July, when the leaf is about an inch long. It is 
spread out in the sun to dry diglitly, then rolled in the hand until the sap begins to 
exude, and when in this state mSie up into balls, and' ad o« one side to ferment After 
fermentaiion, it is pressed into wooden moulds, and dried by charcoal fires. The bricks 
on their removal from the moulds are envelo|)od in yellow i>aper oovera, bearing a 
Gkivernment stamp and the* trade mark of the exporter, and tfien th^ are jsickfd in 
baskets four feet long, made of the thin strips of the bamboo. The bneks thus packed 
form a ‘ packet of tea,’ and weigh about 20 lbs.; at Lhiia, this quality of tea sells for 
Is. 8d, per lb. The second variety consists of the older and yellower leaves which, when 
export^ to Letliang and Bitbang, seU for la 6d. per lb. The aitd variety is memly 
chopiwd twigs stuck together by rioe water, and is onjjr used in the neighbourhood of 
Ta-tsiau-too, where it i^Boldmt 9d. p« lb. ' 
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Indian Souchong, Aseam, Java, etc. The names by which the teas of 
commerce are most familiar to the public are simply ‘ green ’ and ‘ black,’ 
which differ merely in accordance with the method of preparation followed. 
Green tea is prepared from young leaves, which are roasted over a wood 
fire within an hour or two after being gathered. The black tea leaves, ou 
the other hand, are allowed to lie in heaps for ten or twelve hours after 
they have been plucked, daring which time they undergo a sort of fermenta¬ 
tion ; the leaves then pass through certain processes, and are slowly dried 
over charcoal fires. 

§ 231. Structure of tlw Tea Leaf .—The border is seri-atcd nearly, though 
not quite, up to the stalk (see fig. 40). The primary veins run out from 
the midrib almost, to the border, and then turn in, so that a distinct space 
is left between them and the border. 



tea plant 

Fia. 40. ■ 



Fio. 41. 


A section through a tea-leaf is difificult to make successfully; but when 
this iif accomplished, it will be seen thiit the upper and lower epidermis are 
very similar in thickness and structure, both being formed of a single row 
of oblong thick-walled cells, the upper epidermal layer being also covered 
with a cuticle. 

The mesophyll, or parenchyma of the leaf, contains two kinds of cells, 
the one being a very regular single or double row, filled with chlorophyll, 
just beneath the upper epidermal layer, whilst a spongy parenchyma, con¬ 
taining large S})aces, occupies the rest of the leaf-thickness. There are also 
cells containing crystals, and, lastly, there are the peculiar structures called 
‘idioblasts’(see a, fig. 41). 

Idioblasts are long, tough, tenacious, branched cells, whioh seem to act 
as pillars, or beams, keeping the two layers of the leaf apart; they do not 
occur in any other leaf with whioh the tea-leaf is likely to be confused, so 
that their presence would indicate tea, their absence would point to foreign 
leaves. A very convenient method of detecting idioblasts is given by 
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Moeller ‘:—Small fragments of the leaf are wanned in a very strong solu¬ 
tion of caustic potash, and then placed under the thin covering glass and 
pressed finnly (see fig. 41). 

The surface-view of the leaf is different on the two sides; the upper 
surface consists of small ('06 mm.) cells, with wavy crumpled contours; the 
under surface has larger cells ('07 mm.) of irregular wavy outline, and 
studded over with numerous stomata, formed of two reniform cells, of an 
average length of '00075 inch and breadth of '000588 inch. 

The hairs of tea are very characteristic, but not constant found; they 
disappear from old leaves, but the under-surface of young leaves is always 
thickly beset with them. The hairs are 1 mm. long and about '015 mm. 
broad (see h, fig. 41). 

§ 232. Chemical Composition of Tea .—The constituents of tea are— 
Essential oil, theine, bokesc acid, querceiin, tannin, adenine, querei-tannic acid, 
gallic add, oxalic add, gnm, cMorcphyll, resin, teax, albumitum, woody, and 
coloming matters, and ash. The essential oil of tea ■varies from 0'6 to 1 
per cent. It is citron-yellow, lighter than water, has a strong odour of the 
tea plant, solidifies easily by cold, and rcsinifios on exposure to air.® 


I'hdne, Caffeine, CjH, 


/CH,N -CO 
jUlOjI CO d-N(C 
\CIIaN -d-N- 


•N(CH,)\,. 


-A crystalliue 


substance identical with 1, 3,7—trimetbylianthin—and therefore tielonging 
'Jiii>''tue uric acid group of organic compounds; it can be synthetically 



formed by replacing in a methyl group the H of the NH of theophylliu. 
It was first separated in an impure condition by Knnge, from coffee berries, 

* Milcrodeopie itr Nahrungs- «. OenusmiUel. Berlin, 1886. 

* A fixed oil, serving many pnrpoaas in China, is ertrsetea from the seeds of the tw 

plants It is oitron-yelww, sjjecific gravity 0‘927| and is oompoaed of one jiart of stearin 
andoneyfolem. ' 


in the year 1820. It was found by Corput and Stenhouae also to be a 
constituent of the loaves of the coffee tree. Oudry in 1827, finding it in 
various species of tea, named it ‘ Theino,’ and Oudry’s ‘ Theine ’ Mulder 
and Jobst showed, in 1838, to be identical with caffeine. The alkaloid has 
also been discovered in giiarana> matd, and the kola nut, by Martius, Sten- 
house, and Attfiold respectively. 

Theine crystallises from an aqueous solution with 1 nuUecule of water; 
from ether, in an anhydrous state. It sublimes in minute dots at 78’"8 C., 
in crystals at 79°'4 C. (176° Fahr), and above.* The sublimate consists of 
microscopic needles: that which is first produced is of extremely fine, light 
elements; after a little time, at such temperatures as 120°, the crystals 
become longer and larger. The melting-point of theine is somewhere 
between 177° and 228° C. Theine possesses a slightly hitter taste, but is 
without odour. According to a recent research, the solulality of theine in 
different solvents is as shown in Table XXIV. 


TABLE XXIV. —SoLTTwiiiTY of Theine. 



Chloroform. 

Alcohol of 85 per \ 
cent, . . / 

Water, 

Absolute alcohol, 
Commercial ether, 
Carbon bisulphide, 

► Purified anny - \ 
droUB ether, . / 
Light petroleum, 


100 gruiH. of 
Bolvent at 
15" to IT" 
dis<tolved of 
llieiue. 


lOOgrrus. of 
Holveiit at tho 
Wtlling tM>Irit 
(llBsoived of 
Theine. 


Coefficient of ! 
Solubility at tho | 
boiling point. 


1/7-72 
1/40 1/44-4 
1/68 1/74-2 



Thqine forms numerous salts of definite composition—the hydro- 
ohlomtes, CgHjjiN^Oj, HCl and CgHj^N^Oj, 2HC1; a platinum compound, 
HCl, PtCljj a chloride of gold qpmpound, C.lIi„NjOj, HCl, 
hloride of mercury compound, C8HitN.,0~ 2HgCl; an argentic 
pound, AgNOj, and many others.* ^mo of these, 

the silver compound, separated from a concentrated watery 


b^^obtained by extreraoly faulty methods. If a little theine ie iJlaced'between two 
watch-glanees on the wate^bath, toe almost instautaneoue rise of orystals to the uniier 
glass will at all events show that the subliming pmnt is below 100’ C. See “ Temtlm- 
tuie at which the Alkaloids Sublime,” by A. Wyiiter Hyth, JourmtZ of Chemiail 
Soeiely, 1878. 

* The salts With bydrochloijo, hydrobtomio, and sulplmHc aoifis are decomisMed by 
water. The sulphate orystallises with dilSoulty, the hydrobromide well Thaim forma 
eomponnda with ^um acetate, citrate, sulphate, oiUoride, benzoate, dnnanwte, and 
lallcylate. Tlj(|«f gives no j^pitata with potaasum mereurio loifide, and it has a 
noutial laacttoii. Sn Tanzet.;.*/.' PAam. CMn. [SI v.. 88I-S8S. 













golution, and the meroury compound, almost insoluble in other, and 
capable of being dried at 100' C., might possibly be of use in the estimation 
of theine. 

Theine is, in large doses, a poison. Frerichs, €, J. Lehmann, Husomann, 
and others, have made themselves the subject of experiment. Lehmann, 
after taking -5 grin., suffered from freipienoy of the pulse, irritation of 
the bladder, cerebral excitement, slight hallucinations, and, lastly, desire 
to sleep. Husemann took ‘25 gnu. with somewhat similar symptoms. 
Pratt, with subcutaneous injections of from -12 to '8 grm., suffered from 
symptoms rather different from the foregoing; -.3 grm. lessened the pulse 
and caused sleeplessness; '4 to '5 grm. quickened the pulse, and causeil a 
desire for frequent micturition, but no dilation of the pupil; '8 grm. 
caused great uneasiness and anxiety, trembling of the hands and arms, 
so that he was unable to write, and later a restless sleep, with continual 
dreaming. In opixisition again to all these statements, is that of the 
late Mr. Cooley,’ who is said to have taken 20 grains (1'29 grms.) of pure 
theine every day for a mouth without experiencing smy other symptom 
than some slight elevation of spirits. According to Strauch, the least 
fate! dose for cats is '2.5 grm., a quantity which killed a cat in thirty-five 
minutes. In all experiments on animals there has been increased frequency 
of the heart’s action, and repeated emptying of the bladder and intestine. 
No case of poisoning in the human subject appears to be on record. 
When given to animals it has been chemically separated from the blood, 
/^I^ine, and bile. 

Tedn for Theine ,—Concentrated sulphuric and nitric acids dissolve 
theine i» the cold without the production of colour. If the alkaloid is 
treated with fuming nitric acid, and evaporated to dryness, the reddish- 
yellow residue becomes, when moistened with ammonia, of a splendid 
purple-red colour. If a solution of theine bo ovapor^d with chlorine 
water in a watch-glass, a red-brown residue is obtained, whiSh on cooling, 
and exposure to the vapour of strong ammonia, becomes purple-violet. 
The chief precipitents of theine are—phospho-molybdic acid, yellow 
precipitate; iodine with potassic iodide, dirty brown precipitate; chloride 
of platinum, yellow hair-like crystals, insoluble in cold hydrochloric acid, 
slowly separating; chlondes of gold, mercury, and nitrate of silver also 
give precipitates. ' 

Boheic Acid, CjHijOj, was first separated by Bochleder in 1847 * from 
the leaves of Thea sinensie, but other observers have failed to find this 
acid. 

Tea Tannin —Bd. Btrauss and Bernard Grandmongen (Zeit. angeu). 
Chem., 1907) have succeeded in obtaining the tannin of tea as a nearly 
white powder by extracting with tAloroform and alcohol, precipitating 
impurities with water, then forming ’tdre lead compound, freeing this fr^ 
lead by SHj, and finally pi^ipiteting an alcoholic solution of the tannin by 
anhydrous ether. 

CAfre'tcmnie Add, Ojf, first discovered by Chevreui and Brandt 
in the'Quoreue tindoria, ana stated by Hlasiwets to be m tea leaves, can 
be crystellised from an agueous solution. It forms sBlpbur or chrome- 
yellow microscopic tables, contaming 3 molecules of water, part of which is 
expelled at 100*, -the rest^ at from 165* to 200* C. Its reaction is neutral, 
and it is without odour, but has a marked bitter taste when in solution. 

’ Tide Oooley’s “ Distibnsiy of Praotioal Becipee," Art. Caff^a 

' Eochledari .Ann. dUm. #%am„ Ixiii. 202. 
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It melts at from 160* to 200” C. to a resinous, amorphous mass. Its solu¬ 
bility is as follows:—Cold water 2485, boiling 143; cold absolute alcohol 
23*3, boiling 3*9; ether dissolves it slightly, warm acetic acid copiously. 
Sugar of lead precipitates almost completely; the precipitate is soluble 
in acetic acid. 

Quercetin, first obtained by liigaud, 1854, from the splitting up of 
quercitannic acid, is, according to P'ilhol, to be found in the green leaves 
and flowers of all plants. Its formula is given as CtjUinO^; it forms 
fine yellow needles, or a citron-yellow powder, which gives up, at a 
temperature of 120” C., 7 to 10 per cent, of water of crystalUsation. 

It melts, according to Zwenger and Dronke, above 260” C. without 
decomposition, solidifying again in a crystalline mass, and it may be 
also sublimed with only partial carbonisation. It is very little soluble 
in water. Warm acetic acid dissolves it copiously, but it separates on 
cooling. It is soluble in 229*2 parts of cold, and 18*2 parts of hot 
absolute alcohol. A solution of quercetin colours linen bright yellow; 
sugar of lead precipitates the alcoholic solution cheriy red, and chloride 
of iron dark red. A combination with sodium or potassium can be 
obtained, Na 20 ,Cj 5 Hj„ 0 f. 

The other constituents of tea are too well known to need description. 


Composition op Tka. 


§ 233. The mean of sixteen analyses quoted by 
following:— 

Water. 

Nitrogenous substances, ...."* 

Thoine,. 

Ethers^ oil,.! ! '. 

Fat, chlorophyll,.wax,. 

Oum and dextrin. 

Tannin,.] 

Other nitrogen free matters, . . . ! ! 

Woody fibre,. 

AsJi, . ..’ [ 


Konig gives the 


Percent. 

U*49 

21*22 

1*3B 

■67 

8 * 6*2 

7*13 

12*36 

16*76 

20*30 

6*11 


100*00 


, Arid this may bo taken to represent average tea. The annexed table 
gives determinations of several constituents of teas in Russian commerce 
by Dragendorif—the chief features of which may bfl summarised as 
follows:— ^ 

Dragendorfa Analyses of TwerOy-three Teas in Russian Commerce. 


Water, ..... 

Kjttraot,. 

Theine,. 

Tannin (4 determinations only). 
Ash, . .... 


Mean. Msxtonm. Mlnltanm. 
Per cent Per cant. Per cent. 

10*60 12-60 . 7-10 
S2'67 44*60 24*80 

1*60 3*08 1*88 

11*42 8*42 12*76 

6*28 8*82 6*28 









An interesting research on the changes taking place in the tea-plant' 
through age has been made by 0. Kellner.' Tea leaves from the same 
plants were collected twice a month from May to November, and a sample 
also obtained at the end of the twelve months. The main results may bo 
briefly stimmarisod thus:—The water regularly diminislicd from 76 to GO 
per cent.; the theine in the young leaves amounting to 2'85 per cent, of 
the drietl substance diminished to '84 per cent, of the old dried leaves, and 
the total nitrogen from 4'91 to 2'67 per cent. The nitrogen from the 
amido-acids, equal in the first month to ’66 per cent, of the dried substance, 
rapidly decreased, so that in September the amido-nitrogen only attained 
•08 i)er cent., and in the twelfth month was still less—viz., '01 per cent.; 
since the theino did not diminish in anything like the same proportion, the 
inference is that the amido-nitrogen became theine-nitrogen. On the other 
hivnd, the tannin increased from 8 to 11 or 12 per cent., and the ash from 
4‘69 to 6’14 per cent. It is, therefore, clear that in young tea leaves there 
is more water, more theino, and more amido-acid than in old leaves. 
Whereas in old leaves, with the decrease of the constituents mentioned, 
there is more ash and tannin. 


Mioroscopical Methods op Detkoxihq ADotTBRATioNS in Tea. 

Preliminary Examinatim of Tea .—The tea leaves should be soaked in 
dioi’’l7ater, carefully unrolled, and their shape and structure examined. 
Sections of leaves can be made by placing them between two pieces of 
cork, aigi cutting fine slices off both the cork and the enclosed loaf; on 
floating the sections in water, the film of cork may bo readily separated 
from the loaf. The epidermis of the lower or upper surface can, with a 
little practice, be detached in small portions by the aid of a sharp razor, 
and examined in water, glycerin, or dammar balsam under Jlie microscope. 
Its structure has been already detailed. 

§ 234. Proceu for the Examination of Leaves and VegetaMe Tissues 
generally under the Microscope .—One of the authors has suggested an easy 
process for examining vegetable leaves. A portion of a leaf is enclosed 
between two of the thin circles of glass used by all microscopists, and a 
weight having been placed upon the upper glass, the portion of leaf thus 
enclosed is heated with a strongly alkaline solution of permanganate of 
potash. The action begins at once, and the substance under examination 
must I)e examined from time to time to see that the oxidisation does not 
proceed too far. Alkaline permanganate attacks the colouring matters and 
the contents of the cells first, and afterwards the cell membranes; the 
object of this treatment is to make fhe leaf transparent, and yet to preserve 
its structure. Tea leaves are very opaque, and it is impossible without 
some mechanical or chemical treatment to render them transparent.’ 
When from the appearance of the leaf-fragment the oxidation is considered 
sufficient, it is removed, washed in water, and treated with a little strong 
hydrochloric acid, which at once dissolves the manganese oxide that has 
been precipitated on the leaf, and leaves the latter as a translucent white 
membrane, in which the details of structure can be readily made out—tea- 
leaf in this way being quite different in appearance from other leaves. A 
second method of very great value is to place a fragment of a leaf between 

' Land. VersucAs. Slat., 1886, 370-880. Joum. Chem. Soe., Jan. 1887, 78. 

* See also method to ducover ‘idioblasts,’ described at page 823. 
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two circles* of glass, weight the upper one with a silver coin, and bum on 
a bit of sheet platinum the leaf thus prepared. Since it is impossible for 
the ash to curl up and become disarranged, a complete skeleton of silieeous 
ash remains, which may be called the ekehton unit. 

These skeleton ashes of leaves (so far as the authors have hitherto been 
able to investigate the subject) show such decided differences the one 
from the other, that a great number of loaves may with a little practice be 
recognised by this method alone. [It is particularly useful in detecting 
the adulterations of tobacco, the ske]eton.ash of the tobacco-leaf being 
special and peculiar.] It is sometimes well not to bum to an absolute ash, 
but to leave little bits of partially-consumed carbon, forming objects for 
the microscoiK) of great beauty. To preserve the ‘skeleton-ash’ the two 
circles may be cemented together, or the edges may be fused by the flame 

Figs. 43, 44, 45 and 46 ore examples of skeleton ashes, as drawn on tlie 
block to scale. ' 



Tio. 48.—Ash of Tea Leaf, x 170. Fio. 44.—Ash of Sloe Leaf, x 29. 



Fio. 45.—Ash of Lime Leaf, x 29. Fro. 46.—Ash of Tobacco Leaf 

(Cigar), X 29. 


P 236. Chemical Metltodfor the Detection Foreign Leaves in Tea .— 
A chemical method for the detection of foreign leaves (adulterants) was 
first described by one of us in June 1877.® It is based upon two faefa— 
first, that every part of a fAeitw-producing plant—w^, stem, leaf, 
flowers, and even hairs—contains theine; and, secondly, that this can 
be niadily sublimed. The leaf, or fragment of a leaf, is boiled for a 
minute in a. watch-glass with a very litfle water, a portion of burnt 
mi^esia equal in bulk is added, and the whole heated to boiling, and 

* That is, the covers of thin gloss used by the mioroacopist 
s “ lUcro-Cbemistry as applied to the Identificatioii of Tea Leaves.” By A. Wynter 
Blyth. 1877. 
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rapidly evaporated down to a largo-sijied drop. This drop is transferred tc 
the ‘subliming cell,’ described fully in ‘Poisons,’' and if no crystalline 
sublimate bo obtained, when heated up to 110° C. (a temperature far above 
the subliming point of thoine), the fragment cannot be that of a tea-plant. 
On the other hand, if a sublimate of thoine be obtained, it is not con¬ 
clusive evidence of the presence of a tea-leaf, siuco other plants of the 
camellia tribe also contain theinc. 

Finally, there is a negative teat which may occasionally be valuable. 
All fragments of tea hitherto examined contain manganese, and there are 
a few foreign leaves in which manganese is constantly absent. Hence, if 
a leaf be burnt to an ash, and a fragment of the ash be taken up on a 
soda-bead to which a little potassic nitrate h.as been added, the absence of 
the green manganate of soda would be sufficient evidence that the leaf liad 
not been derived from the tea-plant, while conversely, as in the case of 
theine, the presence of manganese is not conclusive of tea. 

Another portion of the tea leaves should bo thoroughly bruised, spread 
on a glass plate, and carefully searched with a magnet for ferruginous 
particles—the so-called iron-filings, which are occasionally found, especially 
in Capers and certain species of Congou. It is almost unnecessary to state 
that the black, irregular masses found in tea, and attracted by a magnet, 
are not metallic iron.® Their chemical composition is somewhat variable; 
t.-.ey all contain magnetic oxide of iron, and many of them in addition 
phe^whate of iron, titauate of iron, quartz, and mica, with a little sand. 
.'They are, without doubt, sometimes an adulteration (the senior author has 
himself found over 1 per cent.), and sometimes an impurity, for in a few 
teas meft traces only of this ferruginous sand may be discovered. Any 
part iclos of the kind extracted by the magnet should be collected and treated 
with hot water, which soon disintegrates them; the adherent tea-dust is 
separatOT, and the sand dried and weighed. 

To detect facing, the tea in its dried state should be mounted as an 
opa<}ue object.® If it has the appearance of being heavily faced, soaking 
in wiirm water will soon detach the film; and indigo, Prussian blue, or 
similar substances will sink to the bottom, and may be collected and 
examined. Indigo may bo identified by the microscope. Prussian blue 
may be tested for by warming the deposit with caustic alkali, filtering 
acidifying the filtrate with hydrochloric acid, filtering again if necessary, 
and testing the filtrate with ferric chloride. The residue left after treat¬ 
ment with caustic alkali may be tested for magnesium silicate, by first 
extracting with HCl, and then collecting the insoluble residue, and fusing 
it with aa alkaline carbonate. The silica is now separated in the usual 
way by evaporation with HCl to dryness, subsequent solution of the 
remaining ash in weak acid, and filnation; any lime is -removed by 

^ Poimis; thetr BffeetaaTid Detectim. By A. Wyntet Blyth. 3rd ed., 1896, p. 268. 

® Mr. Allen appears to have found metallic iron in tec. The test for metallic iron 
is, that nitric acid, 1 '2 specific gravity, dissolves it with the production of red fumes j it 
also precij tates metallic copper, if added to an acidulated solution of cupric sulphate, 

* ’The feeing of tea is thus described by M. S, Julieu: “ The leaves are mixed either 
with iwwdered indigo, with powdered plaster, or with slaked lime, sometimes even all 
three suhatoncwbeuig put together in small proportion to tea leaves. Those matters 
are introduced into the nsBins at the oommenocment of the operation, when the leaves 
begin to be covered with a light dew under the infinence of heat. These matters attach 
themselves to the loaves, and communicate to them the bluish-green characteristic of 
green tea. . . . In certain manufactories Prussian bine is used instead of ind^,” 
"Industries Anciennes et Modetnes do I’Empite Chinois,” par MM. Stanidans Julien et 
0. Champion, Paris, 1869. . 
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ammonia and ammoniac oxalate; and lastly, magnesia is precipitated as 
ammon. mag. phosphate. Magnesia found under these ciroumstanoes must 
bare beeu present as steatite or other magucsian silicate. 

Leaves Used, oe supposed to be Used, as Adulteeants. 

§ 236. The following is a brief description of the principal leaves sup¬ 
posed to be used as adulterants:—• 

IJeeeh (Fagun sylvatiea). —The leaves of the beech are ovate, ghabrous, 
obscurely dentate, ciliate at the edges, the veins running parallel to one 
another right to the edge. The leaf, slightly magnified, is seen to be 
divided into quadrilateral spaces by a network of transparent cells. On 
section, the parenchyma of the leaf is found to consist of an upper hiyer of 
longitudinal cells, and a lower of loose cellular tissue, enclosed between 
the epidermis of the upper and under surface. The whole section is thus 
divided into oblong 8i)aces by transparent cells connecting the cuticle of 
the upper and lower surfaces. The epidermis of both the upper and lower 
surfaces is composed of cells with an extremely sinuous outline (see fig. 47). 


FiO. 47.—Epidermis of Beech Loaf, x 800. 



The stomata are small, not numerous, and almost rotmd. Beech leavec 
contain manganese. 

Hawthorn {Vraiwgm oxyacantha ).—At least two varieties, the more 
common of which is the 0. monogyna, with ohovate three- to four-deeplj 
lobed leaves, with the lobes acute. The leaf is divided into quadrilatera 
spaces, like the beech and many other leaves, by a transparent network 
The epidermis of the upper surface is composed of a layer of thin-wallec 
ceils, generally quadrilateral, outline seldom sinuous. The epidermis oi 
the lower surface has a layer of thin-walled cells, with a very sinuous out 
line. Stomata large, distinct, and numerous, in many instances nearly 
round, but the shape mostly oval. (See fig. 48.) 

Camdlia Sastanqua .—The leaves of Camellia eaesanqua are oval 
obscurely serrate (the younger leaves entire), dark green, glabrous, of some 
what leathery consistencethe lateral veins of the leaf are inconspicuous. 









Miero-strudure ,—The parenchyma of the leaf is placed between tw 
thickened epidermal layers; the epidermis of the upper surface, as see 
upon a section, forms a wrinkled, continuous, thick membrane, in which 
cellular structure is not very evident. Below this there are two or thn 
layers of large cells, more or less oblong, with their long diameter at rigl 



Fig. 48.—Epidermis from tlie under surface of the Hswthorii Leaf, x 800. 

angles to the surface of the loaf; and underneath tliis again is a loo( 
networi: of cells, resting upon an epidermis in every respect similar to the 
of the upper surface, but only half as thick. A thin layer of either tl: 
upper or lower epidermis shows a peculiar dotted or reticulated appearanoi 



Fro. 49.—Epidemie of mider siirfr sc of tho leaf of the Camellia Sassauqna, x SCO. 

not unlike the rug» of a s^ ,dacb. The lower epidermis is studded witl 
frequent stomata, small, ahd of an oblong shape (see dg. 49). 

Sloe {Prurme commutiu ).—The leaves of the common sloe are rathe 
small, elliptic or ovate-lanceolate in shape, and slightly downy heneatl; 
The sectional thicknws of the leaf is the same^'e that of tea. The stumat 
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on the lower surface are scanty. The microscopical appearances are wholly 
different from those of tea leaves, more especially us seen in section. (Sec 
fig. 60.) 

Chioranthua hu-mspiemts .—The leaves of the ClUorant/iua monapicuus 
are long, oval, serrate, wrinkled, the veins nnining nearly to the edge, and 
there forming a network in such a manner, that at the point of intersection 
little knots are formed, which give the maigin of the leaf a very rough 
feeling. The structure of the leaf is very simple. The epidermis of the 



upper surface is formed of one or two layers of thin-walled cells, the 
^idermis of the lower of one or two layers also of cells, and between the 
two there is a parenchyma of loose cellular tissue. The stomata 
are oval and rather numerous; their length is from '0010 inch, their 
breadth -00073 inch. The colls of the epidermis ate large, some of them 
■005 inch or more in their long diameter.' (See fig. 51.) 

Thb CnsMiOAii Akalysis of Tba. • 

The sample is next submitted to chemical analysis. If the qu^ion to 
be decided is simply that of adulteration, the taste of the infusion, the 
percentage of extract, and a determination of the chief constituents of the 
ash are in most cases all that is necessary; but a more or less complete 
examination embraces a quantitative estimation of hygroscopic moisture, 
theine, total nitrogen, tannin, extract, gum, and ash. 

§ 237. Hygroscopic Moisture.—The ordinary method of taking the 
hygroscopic moisture of tea is to powder as finely as possible an indeter- 

' The leaves of Epilobium mgiatifoUum (amman wtllmo herb) are said to be eiten- 
Bwelv used in Russia for the adulteration of tea. The dried leaves are sold.for from four 
to lax roubles a pound, and are used by the poorer classes in the place of.toa. ^ Alcohol 
j^voes in inftisidns of eralobium a precipitate of mucilage.—PAorm. /eitecA/Sr 
jRuulmd and Year-Book ofPhmimey, 1876. 
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minatc quantity of from 1 to 2 grins., and to beat it in a watcb-glass ove 
the water-bath until it ceases to lose weight. It should ho finally weighci 
between two watch-glasses, since it rapidly absorbs moisture from the air. 

The method given is in its results incorrect, since some volatile oil am 
a small proportion of theine are always volatilised. That thoine is actuall 
lost is capable of rigid demonstration; it is only necessary to heat a fei 
leaves of tea between two watch-glasses over the water-bath, and thein 
crystals can be readily discovered on the upper glass. To devise a prooes 



Fio. 61.—(alEindsrmiBofundorsurfaoeoftlicic'afofChloranthusInconspicuus, x 800 . 

(6) Section neai edge. 


of drying tea which will represent water only is not easy; but since the los 
both of volatile principles and theine docs not materially affect the results 
it is scarcely worth wliilo to complicate the analysis by the use either of i 
lower temperature or ofprocesses of absorption. The highest amounts o 
moisture in a genuine tea which are on record are two specimens fron 
Caehar, analysed by Professor Hodges—the one (indigenous) gave 16'0( 
jicr cent., the other, a hybrid, 16'2 per cent. These were, however, no 
commercial teas, and appear to have been simply dried' in heated rooms 
The average hygroscopio'moisture found by MI, Wigner in thirty-five teas 
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Mnsistiiig of Hysons, Capers, Souchongs, Gunpowders, and others, was 7'67 
per cent., the driest teas being the Hysons and Gunpowders, the naoistest 
;he Congous:— 

Per cent 


The innxmmm amoiuit of moisture found in Hyson, , 
The minimum ,, ,, • 

Thoinuzimum ,, ,, Uunjiowder, 

The minimum „ „ ,, 

The maximum ,, • ,, Congou,. 

Thu minimum ,, ,, „ 


6'68 
4-81 
8-66 
4-94 
10-33 
6'38 


§ 238. The KtHmation o/Tlieine or Caffeine .—The modem processes for 
extracting theinc fall chiefly under three heads;— 

(1.) JCxtraxtion by treaiing a decoction of the theine-containing substances 
with lime or htmt maynesin, evaporation to dryness, and subsequent solution 
by chloroform, ether, or benzine .—The fundamental idea of this process, 
perhaps, belongs to Miiller; it has also, with various modifications, been 
recommended by Clous, Commaille, Dragendorff, and many other chemists. 

Commaille adopts the following methrxi;—5 grms. of the finely 
powdered and carefully sifted substance are made into a hard paste 
with 1 grm. of calcined magnesia. This, after standing for twenty-four 
hours,- is dried upon a water-bath and powdered. The resulting green 
powder is exhausted three suceessivo times in a flask with boiling chloro-- 
form, the flask being connected with an inverted Liebig’s condenser, so tli^' 
the action may bo continued for a long time. The cool solution is fllterMpf 
the chloroform recovered by distillation, and thim^ue in the flask Amk 
T his residue consists of resinous fatty matters IHpeino; the foi;mer'‘^^ 
removed by treating the contents of t^e flask withnbt water and 10 
of powderM glass, which have been previously washed with dilute h^ro- 
chloric acid. The water is boiled and the contents shaken up with the glass; 
the resinous matters attach themselves to the latter in the form of little 
globules. The solution is poured on a wet filter, and the residue completely 
exliausted by repeated boiling with fresh quantities of water. On evaporat¬ 
ing the uni^ filtrates in a tared capsule, pure theine is left in the form 
■of white crystals. 

Dragendorff takes 5 grms. of the substance, exhausts it with boiling 
water, evaporates to dryness, adding 2 grms. of burnt magnesia and 5 of 
ground glass; the finely powdered residue is soaked in 60 o.c. of ether for 
twenty-four hours, and finally thoroughly exhausted by ether. The latter, 
when separated and evaporated, leaves the theine in a tolerably pure state. 
He also states that ether may be replaced by chloroform. Cazeneuve and 
Caillot recommend a very similar process, but magnesia is replaced by 
recently slaked lime, ether by chloroform. Markownikoff uses benzine 
instead of the solvents mentioned. 


In all the above processes there is one source of error which does not 
appear sufficiently guarded against—^viz., loss of theine during the evapora¬ 
tion to drynera, since it is absolutely impossible to evaporate a decoction 
of tea and magnesia to dryness at 100* C. without loss of the alkaloid—a 
loss which, BO far as our experiments go, does not take place until the 
mixture is quite dry. The following modification may therefore be 
proposed: 4 to 6 grms. of the tea are boiled in a flask provided with an 
inverted Liebig’s condenser for a couple of hours, the liquid and leaves are 
transferred to an evaporating dish, some magnesia added, and the whole 
concentrated to a pasty condition. This paste is treated and thoroughly 
exhausted by chloroform; tflte latter is separated and evaporated, and the 





e6S«iffl8Sr'oif¥iAV' FM 

cliloroformic extract rcdissolved in a little boiling water, the solutioi 
filtered, evaporated to dryness at a very gentle heat, and weighed. 

(2.) Simple Treatment of the Powdered Leavee by SoZecals.—Logrif anc 
Petit soften the leaves first with boiling water, and then extract the moisi 
mass by the aid of chloroform. Other chemists simply exhaust th( 
powder^ substance by chloroform *or ether j subsequent purification may 
of course, bo necessary. 

(3.) Stiilijmiion. —A method of utilising tea dust by making it a sourct 
of theine, was recommended by Heijnsius {Joiim. Prak. Chem., xlii., 317) 
The tea dust was simply treated in a Mohr’s benzoic acid subliming 
apparatus. Stenhouso improved this process by precipitating either s 
Birirituous extract, or a decoction of tea by acetate of lead, evaporating th< 
filtrate to dryness, mixing the residue with sand, and subliming. Thcs( 
processes of sublimation, however, were proposed simply for the extraction, 
not the estimation, of theine. 

One of us, in 1877,' proposed tlie following quantitative method o 
sublimation:—A convenient quantity of the tea was boiled in the waj 
mentioned, magnesia added, and the whole evaporated to a paste, whicl 
was spread on a thin iron plate, and covered with a tared glass funnel 
The heat at first was very gentle, but was ultimately raised at the latci 
stages of the process to 200° C. Tlie theine sublimes perfectly pure anc 
anhydrous, and forms a coherent white coating on the sides of tiio funnel 
theeacrease of weight is simply anhydrous theine. To ensure success it ii 
' absolutely necessary— 

(1.) That the layer ha as thin as possible. 

(2.) That the heat be only gradu^ly increased. 

(3.) That the mixture be occasionally cooled, and then thoroughly stirred 

(4.) That the sublimation be prolonged for a sufficient time. 

The sublimation is finished when a funnel, inverted ever the substance 
heated to about 11)0° C., and left for half an hour, shows i*o crystals 

An improvement on this process is to place the paste on a ground glasi 
jilatc, to which a flanged funnel has been ground so as to fit air-tight 
The apparatus is then connected with a mercury-pump, and an absolut* 
vacuum produced. By the aid of a shallow sand-bath, the theine may bi 
sublimed at a very gentle heat. 

§ 239. Det/mimatim of Total Nitrogen.—PeMgot and Wanklyn have lah 
particular stress on the large amount of nitrogen contained in tea leavef 
This nitrogen is, of course, largely dependent on the theine, and it is quei 
tionable whether, with the improved methods for the extraction of the lattei 
it is worth while to make a combustion, more especially as the exhauste 
leaves are highly nitrogenous, from the presence of an albuminous bodj 
The N may be determined by Kjeldahl’s method or by combustion wit 
copper oxide. The following are a fev, determinations of total nitrogen 

FM-oinl. ADiilymlby 

A sample ot geauiae tea 60 Black teas, . . . 8 26 Hojei* 

trom Cadiar, . . . 4-74 Hedges. 6 Assam teas, . . . 8'64 „ 

A h}'..fld variety ftom 6Caper'oaa, . . . 3'32 „ 

CScfiar, .... 2'81 „ Assam tea, from Dr. 

Another sample from C^ar, 4'42 „ McNamara’s garden, . 8'88 „ 

Sample taken from 60 green. Sample of exhausted leaves, 3’80 „ 

teas slightly freed, . . 3'76 ,, 

§ 240. Determination of Tannin. —The methods proposed for th 
determination of tannin are very numerous. Four only, however, requii 
any notice here—viz., the gelatin process, the copper process, Mr. Allen 
acetate of lead process, (tnd LiiwenthaTs process.*'■ 

^'Qp.eU. 
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(1.) Bi/ Matin. —The best process by gelatin is decidedly that which 
dispenses with the drying and weighing of tiic precipitate. A solution of 
gelatin is carefully made by first soaking the gelatin in cold water for 
twelve hours, then raising the heat to 100” C., by placing the bottle on the 
water-bath (the strength should be about 3 per cent.), and finally about 
•8 per cent, of alum should be added: A portion of the solution thus 
prepared is put into an alkaliineter flask (e.p., Schuster’s), and carefully 
weighed. A solution containing a known (juantity of tannin is now titrated 
with the gelatin until a precipitate no longer occurs; the flask is 
reweighed, and the loss shows approximately the strength of the solution. 
One or two more exact determinations will be required to get the eon'cct 
value. It is nooessaiy to allow the precipitate now and then to settle, and 
a few drops of the supernatant fluid should be placed on a watch-glass, to 
which a drop of gclatm may be added, and thus the point of saturation 
ascertfiiued. The tannin in a decoction of tea is, of course, estimated on 
precisely similar principles. 

(2.) Copper Process. —When a single determination of tannin is requirefl 
it is best to precipitate by copper-acetate. 2 gnus, of tea arc boiled for an 
hour in 100 c.o. of water, the solution filtered, the filtrate boiled, and 
while Iwiling 20 to 30 c.c. of solution of copper acetate [1: 20] added. 
The precipitate is collected, dried, burnt to an ash, oxidised with nitric acid, 
and again ignited and weighed. 1 grm. of CuO=l‘3061 of tannin, if 
Keler’s* figures be accepted ; if Woolf’s,® then 1 grm. CuO = l‘304 tannin. 

(3.) Mr. Allen’s Lead Process. —A filtered solution of load acetate '5 per 
cent., a solution of 5 mgmis. of pot. fei-ridcyanide, 6 o.e. of strong ammonia 
water, and 5 c.c. of pure water, and histly, solution of pure tanuio ('1 per 
cent.) are required. The process essentially depends upon the precipita¬ 
tion of tannin by lead acetate, and using ammoniacal pot. ferrideyanide as 
an indicator. The latter agent strikes a pink colour with tannin. The 
solution is standardised by taking a known volume of the lead solution, 
and dropping in the taimin liquid until a small portion filtered gives a pink 
colour with the indicator. 

Tea is tested in a precisely similar manner. Mr. Allen’s method is 
tolerably speedy and accurate. The final reaction is, however, somewhat 
diificult to observe. 

(i.) Lmenlhod’s Process .—Up to the present time this method (originally 
worked out for liarks) is the liest we possess; it depends on the oxidation 
by permanganate, and indigo is used as an indicator. It not only gives 
us the tannin, but the amount of other astringent matters as well. The 
following solutions are required;— 

(1.) A solution of potass, permanganate, 1’333 grms. per litre. 

(2.) Precipitated indigo, 5 grms. per litre. 

(3.) Dilute sulphuric acid (1:3). 

(4.) Asolutiou of gelatin, 25 grms. to litre, saturated with sodiumohloride.® 

* Ptdy. Jours., ocxxix., 81. 

s ZeitsAriftf. an. Cheou, 1,104. 

s Lbwentlial piepsves the solution by stuepins 26 grms. of the finest Cologne glue in 
cold water over night; it is then melted on the water-bath, saturated with NaOl, and 
m^e up to 1 litre with saturated NaCl solution, filtered, and kept well corked. 

PredpUedion by CituJunins StUpkaie.—In 1876 Clark' precipitated the tannin of tea 
by cinchonine sulphate and estimated the excess of cinchonine by means of mercury 
potassic iodide. Recently Chapman ® has estimaied the tannin in hops by direct weighing 
of the precipitate, He considers the compound, when dry, to contain 60 per cent, tannin. 
The author has tried the ]*rocess on tea, but has not found either process satisfactory. 

1 AnuT. Chm. Journal, 187% s Joan. hut. of Brouisj, No. 7. voL iv, HOT. 
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(6) A saturatea solution of pure salt, containing 25 o.o. of sulphuric, 
or 60 c.c. of hydrochloric acid per litre. 

'ITie analysis as applied to the determination of tannin in harks is 
performed thus:—10 grms., say, of sumiich are taken and exhausted by 
boiling with water, and the solution made up to 1 litre; of this infusion, 
10 c.c. are mixed with 75 c.c, of water, 25 o.o. of the indigo solution added, 
and 10 c.c. of the dilute sulphuric acid. The permanganate solution is run 
droji by drop from the burette with constant stirring, till the blue colour 
changes to yellow, when the amount of permanganate used is noted (®). 
The same process is repeated with indigo and sulphurio acid, and the 
amount read off (y ); subtracting y from a!=tolal astringent matters. The 
permanganate oxidises both tannin and indigo; but the tannin being the 
easier to oxidise, is consumed first. In order to obtain .accurate results, 
the proportion of indigo should bo such as to require alwiit twice the 
([uantity of permanganate which would be consumed by the tannin alone. 
Thus, if indigo alone rorjuires 10 c.o. of permangarrate fo decolorise it, the 
indigo and tannin together must not take more than about 15 c.c.; if it 
does so, the tannin must bo diluted accordingly. The total astringent 
matters being known, the next stop is to throw the tannin out, and estimate 
the gallic acid and impurities. 100 c.c. of the infusion arc mixed with 
60 c.c. of the salted gelatin infusion ; after stirring, 100 c.c. of the salt acid 
solution are added, and the mixture allowed to stand for twelve hours. If 
iatheu filtered, and an aliquot part of the filtrate is oxidised by perman¬ 
ganate and indigo, as before. 

Liiwenthal gives the following example: 10 grrns. of sumach were boiled 
in 760 cHi. of water and after cooling made up to one litre:— 


(1.) 10 C.O. of sumach infusion, 
2.5 c,c. of indigo solution. 
Do., 


I consumed, . 
repeated, . 


$0 c.e. of indigo solution alone, 

Total permanganate for 20 c.c. of sumaeli, 
(2.) 60 C.U. filtrate fmm the gelatin, 


25 o.c. indigo solution, 
Do., 


repeated, 


60 C.C. indigo alone, 

Gallic acid and impuiitiei!, 


Pennaagaiiate, 
, 16-6 

• 

83-1 
^•2 
19-ii 
11-2 
11-1 
22'3 
13-2 
9-1 


Deducting fi'l c.c. from 19-9 c.o. equals 10-8 c.c. as permanganate 
equivalent to the tannin of 20 c.o. of sumach infusion, or 0 2 grm. of drj 
sumach. It is well to ascertain the value of the permanganate solution bj 
oxalic acid, adopting the numbers given by Neubauor and Oser—viz., thai 
0-063 oxalic acid is equal to 0 04167 piilo-tamiic and -062355 queroitannii 
acids. Should it he preferred to use tannin, the purest commercial tanuii 
must bo precipitated by lead, the precipitate freed from lead in the usua 
way, and the solution of pure tannin then evaporated to complete dryness 
and a solution of convenient strength made. The process requires bu 
little modification to bo- applicable to tea.* 

1 F. Becker hasprojiosed(CAcm. Neas, xU., 229) to eatimatetonnin os follows:—6( 
0 . 0 . of a solution of methyl violet—-6 per cent strength—is made up to hrif a litre am 
heated to 60°, it is then standardised by a 1 per cent solution of tonnin; which u ran u 
until oil the colouring-matter is precipitated and the filtrate is eolouriess. Whsi 
operating on solutions of unknown stren^, guided by the first rough essay, they shouli 
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The amount of tannin in genuine teas seems to bo variable. S, Janke, usuig the acetate 
of copiKsr process, lias detei'inined the tannin in eighteen samples of black tea, and found 
ss a maximum 9*142 per cent,, as a minimum 6*922 per cent., and as a me^ 8*1 per 
cent. Three samples of green tea gave 9*94; 8*66, and 9*67 per cent. Mr. Wiguer, as a 
sample of very astringent teas, gave the following — 


Per cent. 


Moyono young Hyson.39*0 

Very choice Assam,.33*0 

Indian young Hyson.39 *0 

Assam tea from Dr. M'Naniara’s garden, . . 27*7 

CaiKa*, mixed, ........ 42*3 


Exhausted tea leaves yield from 2 to 4 per cent, of tannin. A tea 
giving only 6 per cent, of tannin is to be regarded as suspicious, but care 
must be taken not to rely upon any single indication. 

§ 241. 7'Ac Extract .—The extract is a measure of tlic soluble matter in 
tea. Peligot exhausted the leaves and then redried them, and thus esti¬ 
mated the soluble matter by difference. Wanklyu, however, has proposed 
a more rapid and convenient method. It consists in taking 10 grms. of 
tea, and boiling with 500 c.c. of water, the flask being adapted to a Lielrig’s 
condenser. When 50 c.c. are distilled over, the process is stopped, and the 
50 c.c. returned to the flask; 60*3 grms. of the hot strained liquid are 
then weighed out and evapomted to dryness. Wigner boiled with a 
vertical condenser for an hour, and foimd 'that 1 per cent, strength yielded 
the most constant results. Perhaps, on the whole, the test process is the 
following:—Place one part of tea in 100 of water, boil for one hour with a 
vortical condenser, and then take an aliquot part of the filtered liquid for 
evaporation. In every case the time occupied in boiling, and the strength, 
should be mentioned in reporting, for two analysts operating by different 
methods may differ os much as 6 or 8 per cent.—the soluble matter not 
being entirely removed for a very long time. Since the substances that 
arc at once dissolved are resilly those upon which its commercial value 
depends, it is a question whether it would not be better simply to pour 
boiling water on the leaves, lot the infusion stand for one hour, and then 
estimate the extract, calling it extract of infusion. 

Any addition of exhausted leaves lowers the percentage of extract. 
The following are some determinations of extract:— 


Java toa, dried, . 

„ not dried, 
jjgekuo, ordinaiy, dry, 
undried, . 
Gunpowder, dry, . 

„ nudried, 

:: Sried, 

Moyone Gunpowder, 


Impeiial, dry, 

„ not dried, 

.. d-y. , • 

„ not dned. 


Per cent. Analysed by 
35*2 PoUgot 

32*7 
41*6 

88*0 ,. 

61*9 

48*6 

60*2 

46*9 „ 

40*7 Wigner. 

39-3 

38*6 

87*9 

83*3 

43*1 Peligot. 

89*6 

47*9 

44*0 


be dilut^.<>r conoentrated to about 1 pweent IfthiaraeMiniiieamplSecl^llii'ltwonld 
be well to ^'^epare some pure gallo-taunic acid from tea, and to use ^ inbstanoe for the 
purpose of atarfid^iring- 
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Hyson, dry, . 



Per cent. 

47-7 

AnotyBed by 

Peligot. 

„ not dried,. 

Hyson skin, dry, . 



43-8 




43-5 


„ not dried, . 



3S-8 


Congou, 



36-8 


,, dried. 



40-9 


,, bon, 



40-7 


„ „ dried, 



46-0 


n • • • 



38-0 

Wiguer. 

II • • ■ 



29-8 

jj 

»»•••• 



29-8 





26-2 


Caper, dried, 



20-1 

Poligot. 



39-3 

„ nob dried, . 

}>•••• 



36-8 

II 

Wiguer. 



37-9 

11 • • • t 



37-7 


...... 



82-4 

II 

i» • . • • 



30-0 


ABsam, dried, 

,, not dried, . 



45-4 

Peligot. 



41-7 

33-3 

>1 • • • 
Hyson,.... 

AVignor, 



36-8 

Moyoue Young llysoi., . 

Tea direct from China, dry, 



44-8 

Wanklyn. 



41-7 

>> »i 



40-2 

,, 

»» »i 

Indian tea, dry, . 



41-2 

33-9 

A. "^ynter Blyth. 




43-8 

Wignor. 

Broken Indian, 



43-4 

Indbn Souchong, . 



32-6 


Scented Oi’ange Pekoe, , 



34-2 


Manuna, fine, 



37-0 

II 

Wanklyn, 

Himalayan T(», . 



88-6 

»» • 



35-4 


TABLE XXV. 



ZOLLBU. 

nonasB. 

ZOLLBR. 

WlOMBR. 


Ash ot 
fine young 
Himalaya 
Tea. 

I'ea from 
Cactuu* 
(iiuligen- 

oils). 

Tea from 
(lachar 
(hybrid). 

Exhausted 

Tea 

Leaves. 

Ash of a 
number of 
Mixed 
Biauk Teas. 

Ash of a 
number of 
Mixed 
Green Teas. 

Potaslt, . . 

8P*22 

85-200 

87-010 

7-84 

30-92 

28-42 

Soda, 

0-65 

4-328 

14-436 

0-69 

1-88 

2-08 

Magnesia, . 

6-47 

4-396 

6-910 

11-45 



Lime, 

4-24 

8-986 

5-580 

10-78 



Oxide of iron, . 

4*38 

2-493 

J-463 

9-63 

ft 

,,, 

Manganous oxide, 

1-03 

1-024 

o-soo 

1-97 



Phosphoric acid, 

14-65 

18-080 

9-180 

25-41 



Sulphuric acid, . 

trace. 

6-040 

6-322 

trace. 

4-88 

6-68 

CblorL.o, . 

Silica a.id sand,. 

0-81 

8-618 

2-6-20 

trace. 



4-85 

0-600 

1-800 

7-67 

1-70 

7-50 

Charcoal, . 


2-900 

1-880 




(^rbonic acid, . 

24'aO 

13-590 

12-600 

26-28 

U-60 

6-48 

Percentage of 1 
total ash sol* > 

100-00 

100-00 

100-00 

100-00 

67-00 

62-86 

uble in water, ) 
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§ 242.] 

Since the extract of genuine tea appears to vary from 26 per cent, up 
to more than 60 per cent., it is unfortunately of no very great value for 
purposes of valuation. Tlie extract, after being weighed, is burnt np to 
an ash, which will always lie fomid to ho heavy, rich in alkaline salts, and 
varying usually from 4 to 7 per cent. 

§ 242. Thu AA .—The percentage of total ash is taken by burning up 
1 to 6 gnus, of the tea in a platinum dish. The leaves readily ignite, and 
the operation may take place at a very low temperature, so that there is, 
with care, very little volatilisation of chlorides. The comjmrative com¬ 
position of the ash of fresh and of exhausted tea leaves is shown in Table 
XXV. 

The .ash, on being cooled and weighed, is next boiled up with a little 
water, the soluble portion hlterod from the insoluble, and washed in the 

TABLE XXVII. 



Total Ash. 

Per cent. 

Ash soluble 
in >Vater. 

Per cent. 

Ash soluble 
in Acid. 

Per cent. 

Silica. 

1 

1 

Authority. 

Avt-ragti of 17 ordinary'! 







"’TifttB from original chest, | 







ooiisisting of 2 Indian, S 

575 

3-07 

2-25 

0-43 

1-38 

G. W. Wigiior. 

12 CoiiKona, 2 Oun- 







p()wdc>4, and 1 Hyson, j 







Maxiinuir,. 

803 

3 *3^5 

2-87 

076 

1-88 

„ 

Minimum . 

6-63 

2-75 

1-99 

0-16 

1-17 


Average of 25 special Tue», 

6-96 

3-33 

2-09 

0-53 

1-38 

>» 

Maximum . . . 

7-02 

3-88 

2-68 

1-67 

1-96 


Minimum 

6-17 

2-64 

1-33 

0-04 

1-08 


(renuine Indian Tea, . 

6-61 

2*90 




A. Wyiiter Blytk 

Common Tea, . 

6'92 

3-65 




Wanklyn. 

Taraguay Tea, . 

G-gS 

4-22 




,, 

Aveiage of 7 Teas, 

676 





A. S, Wilson, 

9 „ 

6-68 

8-00 




A. He Allen. 

ITomlman's p. black,. 

5*30 

3-50 




•> 

» green,. 

B-60 

3-80 


... 


M 

Ambrosial black, 

6-60 

3-40 




>» 

Genuine black, 2s. 6d. lb., 

5'60 

8-09 


... 


)> 

»i it 

570 

8-28 



... 

,, 

»» •» 

6-02 

3-26 




»» 

a 

6-34 

3-20 





»i 1) 

6-10 

3’9G 



... 

,, 


576 

3-06 





„ 38. Ib., . 

6-50 

3-55 




• > 

Broken leaf, with stalks, . 

5-40 

2*80 




,, 

Cajier (4-8 silica), 

11'40 

1-.W 




,, 

Mixed dryexUausted leaves \ 

4*30 

0*52 





from various Teas,. J 







Coffee leaves, . . 

10-82 

877 




,, 

Beech. 

4-62 

2-00 


... 


Wanklyn. 

Bramble, . . . , 

4-53 

1-84 





Raspheny, 

7-84 

1-72 




9» 

Hawthorn, • a 

8-06 

8-78 




l> 

WUlow, .... 

9-34 

4-16 




>> 

Plum, .... 

9-90 

6-66 




») 

Elder. .... 

10-67 

8-19 

... 

... 


19 

Gooseberry, . • • 

13-60 

7-83 




** 
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ordinnry way. Tlie filtrate is evaporated to dryuess, very gcutly ignited, 
and returned in percentage as soluble ash. The insoluble portion is next 
treated with acid, and the remaining sand dried, ignited, and weighed. 
The alkalinity of the soluble portion should also be taken, and may be 
returned as potash. This simple examination of the ash, consuming very 
little time, gives tolerably well all the information affoided by a complete 
and exhaustive analysis. The table (XXVII.) shows a few percentages of 
asli, and may be compared with the percentages of the ashes of beech, 
bramble, and others. 

All the analyses hitlierto published show that the percentage of ash in 
genuine tea never reaches 8 per cent. An ash beyond 8 per cent., cal¬ 
culated on the dried tea, is certainly adulterated. In the same manner, 
all genuine tea possesses a soluble ash nut less than 3 per cent. 

Mr. John Wliite* has given some analyses of the ash of adulterated 
Caper teas as follows:— 

TABLK XXVTII. 



TotAl Ash. 

Ash »j1ub1o 

In Wftter. 

Ash insoluble 
In Water. 

Asli insolublo 
tu Mineral 
Acid, 

(1) 

12-20 

2-76 

9-44 

5*66 

(9) 

11-34 

2-79 

8-55 

4-66 

(3) 

11 ‘31 

2-84 

8-47 

6-10 

(4) 

9-90 

3-J4 

6-86 

4-40 

(6) 

9-88 

2*{)8 

0*»O 

8 *84 

(0) 

13-47 

2-80 

10-67 

6-26 ' 


He suggests on these luialysos that the limit for sand in the ash of tea 
might be fixed at 3 per cent. 

§ 243. Determination of Gum .—If it is necessary to determine the gum 
in tea, as sometimes happens, the aqueous decoction should be evaporated 
nearly to an extract, and the residue treated with methylated spirit, 
'filter^, and washed with the spirit. The gum is dissolved off the filter by 
^e aid of hot water, and the solution evaporated to dryness, and weighed; 
it is then ignited to an ash, and the mineral deducted from the total 
weight.® 

§ 244. General Beview of the AdMerations of Tea .—The most frequent 
Me, certainly, the addition of sand, generally strongly impregnated with 
iron, the addition of foreign and exhausted leaves, And the addition of 
astringent principles, such as catechu, etc. All these adulterations must 
take place abroad, there being no evidence that a single hundredweight of 
tea has been tampered with in England,—the blame may lie with the 
home-traders, but proof is wanting. On the other hand, it not nn- 
frequently happens that cargoes of tea recovered from sunk vessels, or teas 
damaged in some other way, are sold and blended by wholesale manufac¬ 
turers with those that are genuine. Such samples contain usually an 
excess of salt, and show more or less evidence of the addition of exhausted 
leaves. 

* Analyst, May 18B9. 

* H. Hager ia {Pharm,, Central. BdUt, 1879, 968) the author of a general prooeaa of 
analyais, which posaesaes some good points; 10 gnns. of tea are inftiMd in 100 o.o. of 
warm water, and allowed to sta^d for two days; the solntion is pouted off, and another 




The facing of tea is rapidly decreasing. There has been much dispute 
as to whether this is to be considered an adulteration or not; a thin film 
of graphite, or any other harmless substance, in such quantity as to add 
no appreciable weight, can hardly be called adulteration. Each case, how¬ 
ever, must bo judged of by its merits. A small addition of such a sub¬ 
stance as catechu, to impart astringoncy, is probably frequent, and difficult 
of detection. Any amount present, to the extent of 3 per cent, or over, is 
shown by precipitating an infusion of the tea with a slight excess of 
neutral lead acetate, filtering, and adding a little dilute ferric chloride 
solution. If catechu be present there is a bright-green colour, and ulti¬ 
mately a precipitate of a greyish-green colour. [See also Hager’s 
method.®] Tlie same infusion filtered from the laad precipitate gives 
a copious precipitate with argentic nitrate. Mr. Allen has pointed out 
one advantage of the lead process in oases of adulteration with catechu, 
catechnic acids possessing a precipitating power so widely different from 
that of tannin, that, if reckoned as tannin, there arc always anomalous 
results. 

Soluble iron salts, alkaline carbonates, and other substances, are stated 
to be occasionally added, but no conviction relative to these appt'ars to be 
on record. The soluble iron salts may, of course, be dissolved from the 
tea leaves by a little cold dilute acetic acid, and the liquid tested in the 
usual way; there is then no confusion between the iron naturally present 
and that added. 

§ 245. Bohemian Tea} —It would seem that for some time there has 
been cultivated in Bohemia the lAfho^ermum officinale, the common 
‘Gromwfell’ of our country, and the leaves have been dried and sold as 
Tliea Ohinemis, under the name of ‘ Bohemian Tea.’ They have also boon 
used for the purpose of adulterating Chinese tea. The ‘ Grom well ’ is a 
plant belonging to the borage order, growing in dry and stony places, from 
a foot to a foot and a half high. The flower is greenish-j^ellow, the stem 
erect and branching, and the leaves are lanceolate, hairy beneath, with 
bulbous adpressed bristles above. They arc totally unlike tea leaves, and the 
hairiness itself would be diagnostic of a leaf other than that of tea. The 
chemical composition is also entirely different. The mineral constituents 
are excessive, and there is neither any alkaloid nor any essential oil. 

The average composition of ‘ Bohemian Tea' is as follows:— 


Collnlose,.5'9S 

Tannin,.8'2S 

Fat.9'29 

Other nitrogen-fiee organic substancMi. . . . 26'49 

AIbnminous matters,.24'64 

Ash.20-60 

■Water,.4'86 


100 C.C. of water added to the partially-exhausted leaves, which are then unrolled and 
botaniCally examined. 60 o.c. of the solution are evaporated to dryness; 10 c.c. of the 
solution should give no turbidity in the cold when an equal volume of alcohol is added. 
For the estimation of tbeine, 10 grms. of tea, 3 grms. of sodic carbonate, and 3 gnus, of 
litharge are made into a mate with 10 grms. of water dried up and extracts with 
chloroform. For the epecial detection of catechu, '1 gmi. of tea is extracted by 100 c.c. 
of boiling water. This solution is boiled with excess of lead oxide, and the filtrate 
(which must be clear) mixed with a solution of silver nitrate. Pure tea dves only a 
slight my-blaok deprait of metallic silver, but tea adulterated with catemin a strong 
yellow fioocuient precipitate. 

, 4 A. BelohouMn; Ctmn, Cmtralbl., 1880, p. 162. 
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Mat6. 

§ 246. “The MatA, or Paraguay Tea Tree (Hex paraouayerms), is a 
small tree, belougiiig not to the family of the Ilirve, as stated by some, 
but to the CeloKtritiem; it reaehes in height ordinarily 4 or 5 metres, some¬ 
times 7. its trunk is alwut 20 cm. in circumterenee, and is eovored by a 
whitish bark. The leaves are oblong, cuneiform, obtuse, and finely dentate. 
It has ancillary, multipartite peduncles, calyx tetrasepalous, the corolla 
with four petals in the form of a crown, style none, stigma 4-fid, fruit a 
four-celled berry. The plant grows very abundantly in Paraguay, North 
Corrientes, Chaco, and South Brasil, where it forms woods called ‘ Yerboles.’ ” 

In the Spanish Republic three different sorts of mate are sold:— 
1. Cad-cuy or caAcuip, which consists of the new leaves and scarcely 
developed shoots. 2. CaAmirim, the leaves B(!parated from the twigs and 
stalks (the midrib of the leaf is also removed;. 3. (Jail-guacu or Jerva de 
Palos, largo old loaves with twigs and fragments of wood. 

The microscopical stnicture of the leaves is fairly characteristic, the 
upper surface of a male leaf is seen to be built up of thin-walled wavy 
cells, ‘05 mm. ('002 inch) in diameter, the cuticle is thick and wrinkled, 
the under surface has similar colls, but the contour is still more wavy, 
while it is only the cuticle over individual cells which shows fine wrinkles. 
The number of stomata is extremely great, being about 12 to ihe scpiare 
millimetre, the stomata arc nearly circular, and but ’03 mm. ('OOl inch) 
in diameter. Here and there may bo found glands with reddish contents. 
The leaf on section may present, a little below the upper epideidnis, colls 
filled with oxalate of lime crystals, but has no other special peculiarity. 

Mate is prcpai-ed in Paraguay thus:—The entire trees are out down, 
and the small branches and shoots are taken with the leaves, and placed 
in the tatacHia, a plot of earth about 6 feet square, surrounded by a fire, 
where the plant undergoes its first roasting. From thence it is taken to 
the harbaoM, or grating supported by a strong arch, underneath which 
bums a largo fire. Here it is submitted to a particular torrefaction, 
determined by experiouce, which develops the aromatic principle. Then 
it is reduced to a ooai'so powder in mortars formed of pits dug in the earth, 
and well rammed. It is next put into fresh bullock skins, well pressed, 
and placed in the sun to dry. The packages (teraris) thus obtained weigh 
from 90 to 100 kilograms, and have an average commercial value of 1 to 
2 dollars the kilogram. 

Sen6r AratiS gives an analysis of matti— 

In 100 parts. 


Organic combustible Bubstuncos, . « . . 91*685 

Ash,. 8*315 

The ash contains— 

Lime (CaO).12-844 

Magnesia.lt-396 

Soda.7-281 

Potash.2-981 

Manganese dioxide,.2-500 

Feme oxide,.-8-410 

Salphnric acid,. 0-926 

Hydrochloric acid,.0-716 

Phosphoric acid.6'640 

Carbonic acid,.8-150 

Sand, silica, carboy, and loss. 44*754 









The enormous relative quantity of sand is a result of the mode of 
preparation in excavations made in the soil. The plant contains— 


Prindplcs goluble in ethor,. 

9-820 

>> i> 

alcohol, . . . , 

8-432 


water,. 

26-208 

»» >» 

water acidulated with HCl, . 

7-260 


in solution of caustic soda, . 

16-880 

Celmlose, . 


13‘280 

Water, 

• V • t . t 

9-000 

Sand, . 

. 

9-120 



100-00 


T. Peckolt (Pham. Joum. Trans. [.T], xiv., 121-124) has analysed 
the fresh loaves of I/ex jmraguayemis from tlie Orgu mountains in 
Noufroeburg with the following results:— 


Per 1000 

(leaves simply air dried). 


Stcaroptone,. .021 

Volatile oil extracted by ether, .... '099 

Kat and wax.19-800 

Green eolonring-mattei,.10-900 

Chlorophyll and soft :-osin,. 20-960 

Brown acid resin.48-000 

Theine,.6-398 

Bitter extractive matter,.2-083 

Sugar. 39-266 

Extiwtive matter and organic acids. . . . 8-810 

Mate, tannic acid (pure),. 27-472 

Mato, viiidic acid (crystalline), .... -024 

Albumen, dextrin, suits. 47-660 

Cellulose. 166-000 

Moisture. 601-366 


lie has also analysed Parana loaves and mntd as follows*:— 


Volatile oil extracted by ether, 

Theine. 

Chlorophyll and soft resin, . 
Brown acid resin, 

Mato, tannic acid (pure). 

Mate, viridic acid (orystdline), 
Exti^ive matter. 

Albumen, salts, dextrin. 
Cellulose and moisture, . 


Alr-drlud leaves 
(rum which mats 

In commereiai 

is preimrod. 

mate. 

Per 1000. 

Periooo. 

•179 

•026 

16-750 

6-650 

61-200 

16 

84-600 

26-600 

44-976 

16-765 

•026 

•024 

65-180 

16-610 

30-102 

18-169 

700-643 

908-879 


Theine averages 1-3 per cent. The tannin of mat6 is peculiar; it does 
not tan hides, and requires a special method for its estimation; it amounts 
to alMiuc 1-6 per cent. Matd also contains a large quantity of a peculiar 
fatty matter. Mat^ does not exalt the peripheric nerves like tea, nor the 
ccrebric dko coffee, but appears to have, in some degree, a narcotic action. 
The usual way of taking, it is by sucking it up through a reed called a 
‘bombilla.’ 

MM. d’Arsenval and Gouty have administered ma^ to dogs by ipjeotion 
into the stomach. They found it diminish the carbon dioxide and oxygen 
of the arterial and venous blood to a considerable extent, sometimes to 
a third or even half the normal quantity. This action, which is less 
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intense during digestion, and has no necessary relation to phenomena of 
excitation of the symp.athetie nerve-system, is somewhat obscure as to 
its ‘mechanism’; but its existence proves directly the importance and 
nutritive value of the aliment in question. 

A species of Ilex —vi/,.. Ilex eamm, employed as a tea in Virginia, has 
been analysed by M. Eyland and T. Brown, who found 


Volatile oil.0-011 

Wax and fatly matter,.0-466 

Besin,.3-404 

Chlorophyll,.2-491 

Thoine.0-122 

Tannin, 2-409 

Coloniing-mattcr soluble in alcohol, . . 4-844 

Extractive matter soluble in alcohol, . , . 10'149 

Extractive matter insoluble in alcohol, . . 4'844 

Araidon and iicctine,.IG'277 

Fibre. 33-827 

Ash.3-995 


Coi'FKE. 

§ 247. The coffee berry is the seed dried, and deprived of its fleshy 
coverings, of the Cornea araUca, Nat. Ord. Vinclumacem. Before use the 
berries are roasted to a chocolate brown, and then ground in a mill. 

MicrotcopiealStruHiire .—The main portion of the coffee berry is composed 
of strong angular, tliiok-walled cells, the walls of which, out in radial 



Tig. 52.—Endosperm of the Fio. 53.—Membrane from the coffee berry, showing 
coffee berry, x 160. the peculiar iiitted and thickened cells, x 160 

(after Moeller). 


sections, are seen to possess a peculiar knotty appearance (fig. 52), but a 
tangential section shows merely a network of thickened cells (ftg. 64), and 
the knotty appearance is then not to bo seen. The thickened cell-walls 
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are mainly composed of oelluloso, and arc nearly entirely dissolved by 
ammoniacal solutions of copper oxide, and strike a blue colour when 
treated with the chloriodide of zinc, or with sulphuric acid and iodine. The 
cells all contain dark-coloured contents, and sometimes crystals of theine. 
When rotih'-ed, these characteristics arc never entirely obliterated, but the 
cell walls are often coloured, and the whole structure more difficult to detine. 
A thin tough .lapanese-papei'-like 
membrane (fig. 63) may be detached 
from the berry; most of this in grind¬ 
ing is separated from its connections, 
but it may always be found; it is 
composed of a series of spindle-shaped 
fibres attached to a thin membrane; 
the fibres in the undeveloped seed 
form a continuous sheet, but in older 
berries they are separated. 

Besides these elements there is a 
small embryo composed of the usual 
regular, oval, tender-walled embry¬ 
onic cells. These arc so diflerent from the usual coffee tissues, that they 
migfht be mistaken for foreign substances, but of coarse the quantity in ground 
coffcoj of embryonic tissue is very small indeed, and is detected but rarely. 

T'he microscopical structure described above separates and distinguishes 
foitee at once from all other known berries or seeds, while the tissues of 
routs, such os chicoiy (consisting of loose, thin-walled, vegetable cells, with 
a greater or less admixture of large sjiiral vessels), are entirely different, 
and may be said, indeed, to be built on a different plan. 

To investigate the ground coffee microscopically, it is best to examine 
with a low power a little in a watch-glass, and then to remove those portions 
which are most transparent; if necessary, still further clearing them up by 
soaking in a strung solution of potash, and teasing them out by the aid of 
a needle. It is also quite practicable to cut sections of fragments of coffee 
held firmly between two pieces of cork, or embedded in sealing-wax. 

§ 248. CJtemieal Charujes during Roasting. —The ofl'ect of roasting is to 
drive off a large quantity of water,* to volatilise a small quantity of theine, 
to change a portion of the sugar into caramel, to rupture the cell-layers 
containing fat and albumen, and to swell the berry by the extrication of 
gases, consisting mainly of carbon dioxide. There is also developed a 
fragrant aromatic substance, a single drop of which is sufficient to scent 
a large room with the peculiar coffee odour; the best temperature for the 
production of this aroma is 210° C. That during roasting there is an 
actual loss of theine, is easily proved by holding a glass plate over the 
heated berries; in a very little time crystals of theine condense. Tenneck 
found in unroasted coffee ’76 per cent., and in the same roasted, '42 per 
cent, theme. It would appear that roasted coffee gives up more to water 
than does raw coffee; for Cadet found that beans roasted to a light brown 
yielded to water 12’3 per cent.; to a nut-brown, 16'5 per cent.; and to a 
dark brown, 2T7 per cent. Vogel also gives the soluble matters in raw 
coffee 08 28 per cent.; and in roasted, 39 per cent. The amount of sugar 
changed is always considerable; thus Graham and Stenhouse found the 

* The loss of water is often prevented by adding to the roasted coffee e hot borax 
solution, strength 4 to S per cent.; the berries on drying may, after such addition, show, 
instead of 3 per cent, water, as much os 12 per cent 


b 



fio. 64.—Coffee tissue, v 170. 
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following differences in the percentage of sugar between the raw and 
roasted coffees:— 

Baw. llfjflBted. 

Per cout. Per cent 

Highest amount,. 778 1*14 

Lowest amount,.670 

Average of twelve specimens grown in / 

different places, . . . ( ^ 

Konig lias studied the changes taking place in roasting, and his views and experi¬ 
ments are iw follows:'—800 grans, of coffeo-berriw containing 11*29 per cent, water gave, 
on roasting to a light brown colour, 246*7 gnns. of roasted coffee, containing 8*19 per 
cent water. We have, therefore-- 

1. Taken 300 grais. coffoe-benies, . =266*16 grms. dry substance. 

2. Obtained 246*7 grms. roasted coffee, =238*83 ,, ,, 

Then loss, 68*3 gi'ins., . . . = 27*32 ,, ,, 

Or in per cent, 17*77, . . . = 9*11 per cent organic substance. 

Hence, in roasting, 8*66 {lercent. of water and 9*11 per cent, of organic substances 
have been lost This is divided among the conslitucuts of coffee as follows. (See Table 
XXIX.) 

The products obtained in resisting coifee, according to Bernhcimer, are mlmilic acid, 
thoinc, cafieol (an oil, l»f>iling poiiit 19.5** to 197°), acotio acid, carbonic acid, uydroohiuon. 
methylamine, pyirhol, and acetone. 

yo 

§ 249. Cnnstiiuente of Coffee .—Tho main properties of coffes, ’ Are 
apparently due to:—(1.) An cssontial oil, not yet completely studied; ^^3.) 
caffeo-tannio acid; (3.) thoinc or caffeine;'^ (4.) an alkaloid ‘caffearino'; •. 
(S.) a concrete oil or fatty snbslanoe; (0.) manno-arahinoso. 

Caffeo-iamie acid, C^HgO,, was first observed by Pfaff in the seeds and 
leaves of the coffee plant; it also occurs iu the root of tho Ghiocoeca 
racemosa, and in tho loaves of tho Ilex paragiiai/ensis, S. Hil. It may bo 
separated from coffee by fractional precipitation of the infusion with acetate 
of lead. The precipitate, at first falling, consists of citrate with cafi'eo- 
tannate of lead ; but later on, the latter occurs alone, and can be washed 
. with water and decomposed by SH, in the usual way. (Mfeo-taunic acid 
thus obtained is a brittle, yellowish nmss, easily powdered, and of feeble 
acid reaction. It is supposed to exist in the plant in combination with 
potash and theine. It is scarcely soluble in ether, hut dissolves easily in 
water or in alcohol. Tho solution gives a dark-green colour with chloride 
of iron, or if dissolved in aqueous solution of ammonia, tho alkaline earths, 
or the alkalies, a reddish-yellow or yellow colour. Decomposed with 3 
parts of KOH, the end product is protocateohuic aeid. Caffeio acid can 
be obtained in a crystalline form by boiling with 6 parts of potash lye and 
neutralising by sulphuric acid. It colours chloride of iron grass-green, is 
oxidised by nitric acid into oxalic acid, and is decomixwed by potwh into 
protocatechiiic and acetic acids. 

Oafearine, C^H^NjO,, is an alkaloid discovered in coffee by Pietro 
Paladino;®it possesses narcotic properties, but is only in small quantity. 
This alkaloid requires farther investigation. 

Coffee Fat. —The coffee fat can be obtained from an alcoholic extract of . 
coffee; part separates on cooling the fluid to O' C., the rest on dilution with • 
water. It is wliite, without odour, of a buttery oonsistenoe, melting at 

* Nahrungt-md Senuitmittcl, ii., 479. 

* Theine is described si p. 823. 

’ Oaxdta Ckmiea luUc^ji., xzv,, 1896; sbetraetda Analgst, June, 1896. 



TABLE XXIX 



^ Theine sabt^ted. 
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37'’5 C, and becomes rancid on exposure to the air. Accorfing to 
Itochledcr (Wim. Akwl. Her., xxiv., 40), it contains the glyceride of 
palmitic acid aud of an acid of the composition CijHmOj. 

C. 0. CooUi exhausted 50 lbs. with alcohol and ether, and obtained 
1200 grins, of a thick green fluid oil, and after a time fine crystals of 
thcinc seiiarated. After six months the oil, although in closed flasks, 
began to bo turbid, and gradually little groups of crystals separated and 
sank to the bottom. After the lapse of three years, the flask was found 
to be about two-thirds filled with crystals of the more solid fats, but the 
upper layer was beautifully green. 

There arc also citrates, and probably other organic acids and nitrates 
in coffee. J. Buig found in raw dry coffee ’064 per cent, of nitrate of 
potash, in roast 'Oil per cent. 

The following table gives the general comiiosition of various commercial 
varieties of coffee:— 



s | 

Theine. 

Fat 

Tannic 

and 

Caffco* 

tannic 

Acids. 

to 

to 

o 

1 

5 

Asb. 

Futoah. 

Fhos- 

phoTic 

Acid. 

FineslJamaicu Plantatiou, 

25-8 

1-43 

14-76 

22-7 

33-8 

3-8 

1-87 


Finest Groou Mocha, 

22 •« 

0*04 

21-79 

- 23-1 

29-9 

4-1 

2-13 


Coyloti Plantation, . 



14-87 

‘ 20-9 

36-0 

4-0 


0-27 

Washed Kio, . 

•iTi 

1-14 

l-VOS 

20*9 

32-6 

4-.5 


0-51 

Costa Kica, 

20*6 

1*18 

21 - 1-2 

21-1 

33*0 

4-9 


0-16 

Malabar,.... 

2.’’.-8 

0-88 

18-80 

207 

31-9 

4-3 


0-60 

Nast Indian, . 

24-4 

1-01 

17-00 

19-fi 

36-4 



... 


Some analyses by Dragendorff of Mocha, Preangcr, Ceylon, Malabar, 
Mysore, Java, aud other coffees (twenty-five in all) give the following 
results;— 

Mftximum Hinimam Uosn 
per cout. per cont. per cent. 

Thcine,. . , . « 2*21 0*64 1-16 

Ash,.4-87 8‘83 4*41 

Pliosphorio Acid. . . . 0'72 0'28 0‘42 

The carbo-hydrates of coffee have been paiiiially investigated in the 

chemical laboratories of the U.S. Department of Agriculture. Cane sugar 
, is the chief soluble hydrocarbon. By hydrolysis the insoluble hydro¬ 
carbons yield galactose; and by distillation with hydrochloric acid, 
abundance of farfnraldehyde was obtained, indicating the presence of a 
pentose-yielding substance. By treating the substances insoluble in water 
with 5 per cent. NaOH solution, and precipitating with alcohol, a gummy 
substance was obtained. The gum yielded, by suitable treatment, galactose 
and furfuraldehyde. 

■ One of the chief constituents of the coffee berry is stated by Mr. Baker * 
to consist of a manno-arabinose or manno-iylose, which, on hydrolysis, yields 
mannose in quantities of from 80 to 90 per cont. 

§ 260. Analym of Coffee—Specific prasifj/.—The chemists of the 
Municipal Laboratory, Paris, lay stress upon a determination of the density 

^ xxii., 893. 

* xxvil, Aja’U 1902j 116., 
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of the powdered eofFee, considering that it is of special value in showing 
artificial moistening of the berries. The density is determined in Rcgnault’i 
volumemometcr modified by 
M. Duprd. This apiiaratiis 
consists of a vortical cylinder, 

Y (fig. 55), closed by moans 
of discs of ground glass 
made tight by screws, K 
and E; this cylinder com¬ 
municates by means of a 
narrow tube with a glass 
syphon having a bulb of 
known capacity, U; the long 
limb of the syphon, T, is 
open to the air, graduated; 
at the honJ of the syphon a 
third tube is let in, com¬ 
municating with a mercury 
reservoir, B, and having an 
air trap, r; the whole is 
fixed on a wooden stand (see 
fig. 55); the tube has a 
mark below the bulb, U, 
and also a mark just where 
it joins the narrow tube load¬ 
ing to'the cylinder. 50 or 
100 grms. of the coffee 
are. introduced into V. The 
cylinder, by means of the 
screws and a little vaseline, 
is made air tight. The 
stop-cook, E, is opened so as 
to put V in communication 
with the atmosphere. The 
reservoir is raised so as to 
bring the mercury on a level 
with the lower mark, and the 
barometric pressure noted (h) 
on a barometer. The stop¬ 
cock, It, is then closed, and 
the reservoir raised until the 
mercury coincides with the 
higher division, and the differ¬ 
ence in height of the mercury 
in the two tubes noted (H). 

The volumes of V and U 
are first and once for all 
determined. 

To make a measurement 
proceed as above, and take 
the height of the mercury in a barometer placed near the instrument; 
this m’ay be called h. If V=the volume of the vertical cylinder, 
v-the volume of the entailer bulb, and H the difference in height of the 
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Fio. 65.—{Eegna'alt'svolumemomoter 
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mcroury in the manometer tube; then the volume « is obtained by the 
following formula:— 

■IT 

and if »=weight of coffee and d= density, then (a being the volume of ooflee) 


(f= 


«o 

a 


or by replacing the value of a from the first equation, the complete formula 
becomes 


d= 


a 


V 



To give an actual example:—100 grma of unroasted green coffee are taken; 

A = 75'5 cm.; H = fi7'5 cm.; V = 230T c.c.; ®=64'5 c.o. 

then 

X 75-6 

a= 230-1 - - => 230-1 -149-63=80-47. 

The density therefore equals = 1-2427. 

An accurate estimate of volume of a weighed portion of coffee or other 
powdered substance, and therefore of density, may be made with ordinary 
lalioratory appliances as follows:—A suitable small flask proviikd with 
ground stopper and stop-cock is clamped on to the mercury pump, and the 
air 't contains pumped out, measured, and reduced to 760 mm. and 0° C. 
A sample of the substance is next weighed and introduced into the flask. 
The flask now, of course, contains less air. The air is again pumped out 
and measured, the measurement being reduced as before to normal 
temperature and pressure. By dividing the weight of the substance by 
^ the difl'erence in the air volume of the empty and the charged flask the 
density is obtained. 

The great adv.antage of determinations of density by such means as the 
foregoing, as compared with ordinay determinations of density by means 
of the displacement of various liquids, is that there is neither waste nor 
alteration of the substance. 

T*lie experiments of the French chemists have given as a minimum for 
green coffee a density of 1-041, a maximum of 1-368 f for roasted coffee, a 
minimum of 0-600, and a maximum of 0-683; a very high roasting will, 
however, give loss than 0-500. The density taken in this way is also 
stated to indicate factitious coffees. 

The hygroscopic moisture, theiue, gum, astringent principles, and ash 
are all determined precisely as in the case of tea. According to the 
1 . chemists of the Paris Municipal Laboratory the hygroscopic moisture in 
green coffee should not exceed 12 per cent., in roasted 3 per cent. 

The coffee fat may be .conveniently estimated by patting a known quan¬ 
tity in the fat-extraction apparatus figured at page 60; the best solvent to 
use will be petroleum ether, since it has less solvent action on the theine 
;' than ether. When the process is finished, the ptroleum is evaporated to 
dryness in a tared dish. As thus obtained, tire fat is almost but not 
quite, pure. 
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Addlterations op Coffee and thbih Detection. 

§251. The sophistications of coffee are numerous; chicory, roasto 
cereals of all kinds, wheat, rye, buck-wheat, jiotato flour, mangel-wursc 
acorns, lupine seeds, ground date-stones, caramel, and various leathery seed 
have all boon detected. Coifoo damaged by sea-water is also commonl; 
washed, first with water, then with lime water, dried and roasted, o 
sometimes coloured with an aso dye to give it a bright appearance. 

Imitation coffees or coffee substitutes are manufactured on a largo seal 
in America, Hamburg, aud also in this country. Wiley has given a usefu 
list of imitation coffees which have been examined in the laboratory of th 
U.S. Department of Agriculture; the list comprises the following mis 
tures which were pressed and moulded into berries or pellets:—* 

Coffee, bran, molasses. 

Wheat flour, coffee and chicory. 

Wheat flour, bran and rye. 

Chicory, iieas (or beans), barley. 

Wlieat, oats and buckwheat 

Wheat flour and sawdust 

rf'dls of leguminous seeds formed into granules with molasses and roastal. 

Pea hulls and bran. 

Dr. Bernard Dyer^^ has made some careful analyses of chicory; he find 
the moisture varies from 1 to 4- per cent., and gives the following pot 
ceiitago data of 11 samples of chicory carefully dri^:— 


TABLE XXi-CrnooBT. 


1 Total 

• 1 ittsolubid 

! ill Water. 

Etlior 

Extract. 

N. 

Total 

Aah. 

Soluble 

Ash. 

Sand. 

Chicory nibs and medium j 
roast, . . . i 

Chicory nibs and dark roost, 

22-40 

2-67 

1-63 

4-63 

2-60 

0-70 

50-30 

1-43 

1-67 

4-70 

2-99 

0-80 

Orouiid ehicoiy. , 

22-27 

2-17 

1-33 

6-58 

2-43 

1-43 


21-50 

1-90 

1-.34 

6-23 

2-07 

1-43 


35-50 

3-43 

1-60 

5-18 

2-57 

0-77 


37-80 

8-87 

1-62 

8-23 

1-60 

3-97 


22-77 

3-17 

1-26 

6-13 

3’30 

1-60 


2-J-50 

8-I17 

1-2S 

5-73 

8-23 

1-63 


23-60 

2 *00 

1-29 

5-63 

2-97 

1-47 


22-60 

2-60 

1-29 

6-83 

3 22 

1-47 

It 

22-88 

2-67 

1-29 

6-70 

2-80 

1-47 


It may be stated generally that such adulterations are best detected bj 
a microscopical examination, hut that they usually also present market 
chemical differences, being for the most part deficient in theine, high ii 
sugar, low in fat, and having high aqueous extraote. The general percent 

* U.S. Deg, of Agriculture, Div, of Chem,, Bull., No. 13. 

' dnalj/it, Sept., 1868, 
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fo oompoBition of various imitation berries, as given by various ohemiBts, 
Bummarised in the following table:— 


TABLE XXXa.— Imita-'iion OorPEE Beans. 



W. Kisch. 

E. Fiioke. 


C. Konittiill). 




Coffee. 

Water, 

5-14 

! 

1*46 

• 3-45 

6-41 

1 Albuminoids, 

10-75 

17-90 

13-93 

9-88 

10*56 

Fat. 

2-19 

2*03 

8-80 

3*25 

1*04 

OoUulose, . 

3-96 

10*83 

15-8-3 

4-25 

10-66 

Sugar, 


1-99 

0-71 

G-18 


Extraetive matter, , 

7C-60 

04-04 

63*30 

70-13 

68*36 

Aqueous extract, 

29*88 

24*85 

21 -53 

81-20 

34-37 

Theino, 

,,, 

0*94 

0-07 



Glucose fonnocl on boil¬ 
ing with HaS 04 , 

... 

... 

60-02 

69-28 

67-10 


Microscopical Detcdion of AdiUteratiom in Coffee .—A practical, though 
nut a Bcicutific, distinction of substauces used for the adulterotion of coffee, 
is to divide them, for microscopical purposes, into two classes, the hard and 
the soft. If ground coffee is sprinkled on water, and allowed to soak 
for a little time, there is scarcely a particle which does not fcci resistant 
or hard when rubbed between the fingers, the only soft portions of the 
coffee berry being the embryo, and this is so insignificant in quantity that 
it is not likely to cause embarrassment. The soft substances which have 
been used to adulterate coffee arc chicory, figs, dandelion routs, and portions 
of the fruit of the ceratonia or carob-bean; while the hard substance are 
vegetable ivory, date-stones, acorns, and other liard seeds. 

The soft tissues of the roots of the chicory > and dandelion abound with 
vascular bundles, and it is never difficult to see the spiral and other vessels; 
similarly, the laticifcrous vessels in the tissues of the fig are extremely 
distinctive. In the softer tissues of the ceratonia or carob-troe fruit are to 
be. found large cells containing bodies which, at first sight, look like starch 
granules, the surface being in wrinkles (see fig. 56). They are insoluble 
in i^atcr, alcohol, and dilute sulphuric acid. The characteristic test is, 
however, that they strike a blue or violet colour with a warm solution of 

• Chicory is so readily detected that we scarcely require a direct cbemical test. A. 
Franz has, however, pointed ont that an infusion of coffee, when treated with copper 
acetate and filtered, yields a greenish-yellow filtrate; an infusion of coffee containing 
chicory yields, when similarly treated, a dark red-brown filtrate.—Arc*. Pharm. [6], ix,.^ 
298-802. f- 

A method of detecting chicory has been described by C. Hnsson. According to the 
latter, the chicory is often prepared by roasting with rancid fat. He discovers this by 
putting in a flask 10 gnus, of ebico^ with 50 grms. of glycerin and 20 drops of hydro- 
(fiiloric acid, and the mixture is boiled and filtered. The filtrate is added to an equal 
volume of ether, and placed in a flask wliich, t^in, is put in a bath with boiling water. 
When pure ether-vapour mslies out of the bottle, the vapour is lit, and under the com¬ 
bined heat, the fatfy matter rises to the surface of the ^ycerin, and is dissolved in the 
ether. When the flame diminishes in iutensily, it is extingnished, and the ether allowed 
to evaporate spontaneously. On exposure to cold, fatty drops form gradually; these are 
examined by the microscope, and are drops of crystalline fata, such as are not yielded by 
purecoSee. 
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potash. And as those bodies are widely distributed tliroughout the frni 
the test reacts with the smallest fragment. 

Finely ground date-stones and vegetable ivory are not so easy to deteo 
mainly because the particles are, for the most part, opaque, and it entai 
considerable trouble and some skill to prepare sections sufficiently clear I 
make out the details of structure. 

Vegetable ivory is derived from the Pliytdqilm ntaeroearjia, and is mne 
used for making buttons and various other purposes. In the working of tl 
ivory there is considerable waste, hence it may be obtained at a very lo 
rate, being, indeed, so much refuse. Tlib ivory consists of elongater 
equally thickened cells (see fig. 57 B), perfectly colourless, and dotted a 
over with pores; the contents of the colls are granular, and seem to I 
composed of a vegetable albumen, with here and there a few drops of fa 
In sections of the ivory nut itself there is also to bo seen a thin shell ( 
epidermal layer (see fig. 57, A) consisting of peculiar fibres. The ends < 
the fibres are often thickened or clubbed; they are about '02 mm. bron 
and "2 long, are thickened by deposit, and contain a reddish-brown sul 
stance. The largest fibres are on the outside of the layer, while the shortc 
fibres occupy the inner part of the seed coating; the fibres are interlace 
or felted in every direction. The seed-coating bears a very small proportio 
to the vegetable ivoiy, and is not so likely to bo found as fragmeuts of tb 
. ivory itself. 

Dato stones' possess a very distinctive structure. The epidermis cor 
sists of elongated cells, forming, when looked at from above, irregula 
oblongs^ the cell-walls are thickened irregularly, and they are frequontl 
pitted (see fig. 68). In the parenchyma of the stone are curious irregularlj 
shaped long colls, which contain a tannin, and arc coloured dark-green b 
ferric ohloridc solution. The endosperm is the hardest part of the date-stom 
and is very similar in structure to vegetable ivory, but the* cells arc smalle 
and rounder, and the cell membranes are not so thickened by deposit. 

The leguminous seeds are all built on a similar plan; they have a 
least two obaraoteristic structures—viz., a layer of regular lengthened cell 
with their long axis set radially (see fig. 59), the palisade layer of tb 
Germans; seen under a low power, they look so much like the dentin 
tubes of a tooth -fct they might be oiled “the dentine layer”; the; 

* Pfte Coffee .—was eatablislicil, some years ago, a company for the mant 
factnio of what is f^^ed ' Date coflee,* a preparathsi made from torrihed dates, an 
mixed with coffee, m the iiroportion of one-fourth coffee and tliree-fourth dates. , 
sample pi .isented the appearance of a dark-brown, rather sticky {lowder, having a sweetie 
smell, but no coffee odonr. On being thrown into water the water was immediatcl 
coloured, and the powder sank to the rottom. The specific gravity of the infusion wa 
nearly that of pure chicory, viz., 1019'6. Tlio microseopc showed some fragments i 
coffee, as well as large loose cells and structuri'.-<, quite different from those of coffee, an 
there was scarcely a trace of theine. The general analysis gave 


Water, 
Sugar, . 
Extract, 

Total ash, 


Saiuble, 1 '78 
Insoluble, 1 '07 


Per cent. 
5-2i> 
16-29 
46'60 

2'88 


The ash contained '262 P 9 O 1 and '18 silica; *628 per cent, of an oily and resinon 
matter was also separated. The largo amount of sugar would alone be sufficient to dit 
tinguish it from coffee, and there win not be the slightest difficulty in the identificatio 
of ffie substance should it be.ever used in such a manner as to come under the ^le ( 
Food and Drugs Act 


0 
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consist of narrow prismatic long cells, the base not nnfreqncntly swollen 
out flask-like — and are covered with a thin 
cuticle. If looked at from above, of course 
only the hexagonal ends are seen presenting a 
tessellated pavement appearance—there is no 
‘lumen.’ The most romiirkablo thing about 
these cells is that they are all the same size, 
save, indeed, in Cieer arietimm, where the 
dentine layer is in regular waves, and the 
individual colls rtuige in length from 100 to 
300 micro-millimetres. 

The length and breadth of the palisade 
layers in various leguminoste liave been care- 
fidly determined by Moeller,' as follows:— 

Uuttth. BiwuHU. 

Uicro.mi]UniotrcB. Micro-inilliiuetrcB. 



Oanavalia, 

240 

‘10 

Parkia, . 

150 

16 

Lupine, . 

120 

15 

Pea, 

. . 100 

12 

Veteh, . 

. . 75 

6 

Astragalus. 

. . 150 

20 

Cassia, 

60 

6 

Cieer, 

. 100-300 

25 

Bean, 

45 

15 

LentUs, 

40 

6 

Soya, 

60 

15 


Flo. 66.—A section of the 
o»rob-trce fruit, xl60—fj), 
epidermis superfieial view, 
showing a stoma, al'; p, 
brown parenchyma; cr, colls 
containing crystals; 6, bent 
fibres; at, hard ctils, thick¬ 
ened by deposit ; r, a layer 
of thin walled cells, but 
scattered throughout ate 
' fibres and thickoned hard 
cells: m, the middle layer 
containing spirals, and 
the jiecaliar bodies, g, de¬ 
scribed in tiie text 

been, to some extent, used 


The second characteristic is a single layer 
of cells which support the palifeade layer; these 
cells in form suggest various similes: one 
observer sees in them ‘ pillars ’; another, ‘ hour¬ 
glassesa third, ‘reels of cotton’ (see fig. 
59 s), and, indeed, they are more or less like 
all those. Their jreculiar shape is only to be 
fully made out in section; looked at from 
above, they are merely polygonal or many-sided 
cells. These little pillars have very different 
shapes in different species, and afford a valuable 
means of diagnosis. In the bean, they are 
prismatic, contain one or 'two large mouoclinic_ 
crystals, and form no intercellular substance. 
In soya, lupine seed, and oanavalia, the pillar- 
cells are as high as broad, and very much like 
cotton reels; oanavalia is peculiar in poBseseiug 
several layers of them. In the lentil, again, 
they are broader than high, cone-like, and when 
looked at from above have a regular ^ve- to 
six-sided outline with an inscribed circle; the 
lumen is filled with a granular dark or greenish 
mass. 

§ 252. The seeds of Cateia oemlmMia ’ have 
as an adulterant, and as a substitute for coffee. 


* Moeller, Xikroako^ iet Nahnmga^ «, OenuasmaW. 

• Holler: coxxxvii., p. 81; ccxxxviii, p, ir' 





In Germany the ground and roasted seeds have been sold under the nan 
of ‘Mogdad’ coffee, and it is said that neither by the taste nor by t1 
goneral appcarauco can tbo addition of cassia seo^ bo detected, if sut 
addition docs not exceed one-fifth of the weight of the coffee. The seoi 
are small, flattened, oval, smooth, marked on each side of the two flattcni 



Fia. 68 . —Tissues of the date-stone, x 160—E, endospetm; B, epidermis; T, irregular 
shaped tubular cells filled with tanmn-like suhstaucea 


of the leathery seeds of Nux vomica. The microscopical structure is vet 
distinetive; the covering of the seed has first a layer of hard tissue, wit 
fine strise-like, perpendicular tubes radiating from the centre towards t1 
circumference (palisade* layer). Beneath this palisade or dentine lay 




are ‘the pillar-cells,’ spool-shaped, as broad as high, and very thick-walled, 
airf these pass into some thick-walled fo<ir- to five-sided oblong cells, filled 
with an orange-red colouring-matter. Within the coloured cells are oval, 


A B 



Fio. 59.—A, A section of a seed of Palkia—p, the ‘i^lisaile’ layer; » the pillar-like 
ceils ; /, spongy |)aronchyma, x 180 (after AioEOLEii). 

B, Isolated ‘palisade’ cells—o, the apex alone showing. 


round, or angular cells (according to the pressure), filled with granular 
matter, and making up most of the substance of the seed (sec fig. GO' 



Fra. 00,—Section of seed of CmUt oaidmtalia, x 170, 


The composition of Mogdnd coffee is as follows 

Gellalose, 

Fatty oil.’ ' 

Plant moens, 

Astringent substance, galio-tannic acid, . ’ 

Inoiganic salts. 

Nitrogenous organic matters and loss, . 

Nita^n-free organic matter, . 

Water, . . , . ' . . , ' 


21‘21 
2-66 
88-60 
!'2S 
4'38> 
16-13 
8-e6 
11-09 


* The seeds of Cassia xeidmUdis give 10 pjr cent, of ash. 





Chemioat* Methods of Dhthctino Apdltbraiiohs. 


§ 253. When chicory is mixed with coffee, the chemical composition 
of the mixture shows, in some particulars, a marked deviation from that 
of pure coffee. 

Lethehy’s analysis of chicory is as follows;— 


HygKfflcopio moistni'o. 

Raw root. 

. 77-0 

Kfln dried. 
16-0 

Gummy maitor, .... 

. 7-6 

20-8 

Gluooso or grape sugar, 

. 1-1 

10-6 

Bitter esctractive, 

. 4-0 

19-3 

Fatty matters, .... 

. 0-0 

1-9 

Celluloso, iuuiine, and woody matter, 

. 9-0 

29-6 

Ash,. 

. 0-8 

3-0 


Composition of the roasted root 

Hygroaco])ic moisluru, . 

Gummy matter, 

Glucose,.... 

Matter like burnt su^r, 

Fatty matter,. 

Brown or burnt woody niattei 
Ash, .... 

The ash of those had the following composition:— 


Cblorido of potassium, . 

, 0-22 

0-46 

Sulphate of ,, ... 

. 0-97 

0*98 

Piiosphateof ,, ... 

. 1-41 

1-37 

,, magnesia,. . . 

. 0-90 

0-63 

„ linio, 

. 0*40 

0-81 

Carbonate of .. 

. 0*10 

♦ 0-26 

Alumina and oxide of iron, . • 

. 0-20 

0-20 

Sand. 

. 0-70 

2*20 


( 1 .) 

14-6 

9-5 

12-2 

29-1 

2-0 

28-4 

4-3 


( 2 .) 
12-8 
14-9 
10-4 
24’4 
2-2 
28-6 
6-8 


Chicory influences the composition of coffee as follows:— 

(1.) It decreases the gum, the latter seldom rising in chicory to more 
than 15 per cent., whilst in coffee it has not been found less than from 21 
up to 28 per cent. 

(2.) It increases in sugar, roasted coffee having seldom so much as 2 
])er cent, of sugar; whilst chicory, when roasted, usually has at least 8 or 
9 per cent. 

(3.) It decreases the fatty matter, the fat of chicory ranging from 1 to over 
2 per cent, that of coffee from about H per cent, up to over 20 per cent 
(4.) It decreases the tannin and caffeo-tannic acids, chicory being 
destitute of tannin. 


(5.) It decreases the theine, chicory possessing none. 

(6.) It profoundly modifies the constitution of the ash, especially by 
intr^ucing silica, which is not a componont of coffee ash. The main 
differences are thus as follow;— 

Coffee A4h. Chicory Ash, 

* Fercont. Fercfiil. 


Silica and sand, , 
Carbonic acid, 
Sesquioxide fif iron, 
Chlorine, 

Phosphoric acid, , 
Total soluble ash, 


, 14-92 
0-44 to 0-98 

0-28 to 1-n 

10-00 to 11-00 
76-00 to 86-00 


10-89 to 36-88 
178 to 8-19 
3-13 to 6-32 
3-28 to 4-98 
6-00 to 6-00 
21-00 to 86-00 












Some approximate idea (although no accurate resulte) may ho obtained 
)f the amount of chicory present, if a careful determination of the soluble 
ishismade. If we take the soluble ash of chicory as 1'74, and that of 
:offco as 3 per cent., then Table XXXI. may be used. 

TABLE XXXI.— Qivin<i thk Theoueikjai, Quantitt or Soluble Ash, 
CoKKEsi'ONBma TO Vakious Admixtueeb of Chiuohy and Coffee. 


Percental of 
Chicory. 

Percentage of 
Soluble Ask. 

Percentile of 
Clilcory. 

Percentage of 
Soluble Ash. 

5 

2'94 

60 

2-68 

10 

2-88 

55 

2*5fi 

u 

2*82 

60 

2-62 

20 

2-7!) 

06 

2*50 

25 

2-74 

70 

2-48 

30 

2-70 

76 

2'46 

36 

2-67 

80 

2‘43 

40 

2-64 

86 

2-41 

46 

2-GO 

90 

2-40 


By making standard infusions of pure coffee and chicory, and then f 
taking the same weight of the suspected coffee, and comparing the colour, 
it is possible to obtain some idea of the quantity of chicory added. 

liebody recommends this to be done as follows:—Take 1 gnu. of the 
unknown mixture, and 1 grm. of a standard mixture of equal parts of 
chicory and coffee; remove all the colouring-matter from each sample, and 
make the extract of each up to the same bulk. But 60 c.c. of tho filtered 
extract from the unknmm mixture in the Nessler cylinder, and determine 
by trial how many c.c. of tho extract from the standard mixture, together 
with sufficient distilled water to make up the 60 c.c., will give the same 
colour. In calculating the percentage of chicory present, closely accurate 
results are obtained in practice by assuming the tinctorial power of chicory 
to be three times that of coffee,—(J. It. Leebody, CMmieal Newt, xxx., 
243.) 

Messrs. Graham, Stenhouse, and Campbell proposed to take the density 
of different infusions of ooffee, etc., as a guide to its adulteration; and this 
is found in practice to work tolerably well, and to give approximative results. 
The following solutions were made by them by first treating tho powder of 
the roasted substance with ten times its weight of cold water, boiling, and 
filtering, and determining tho density at 60° Pahr. 


Spent tail,.... 

1002-14 

Corrote, . . 


1017-10 

Lupine neM, 

1006-70 

Bonka, . . 


1018-60 

Aooens, .... 

1007-30 

IBook malt. 


1021-20 

Pena,. 

1007-30 

Turnipe, . 


1021-40 

Mocha coSeo, . . . 

1008-00 

Kye-meal, . 


1021-60 

Beans, .... 
Ntal(d>erry coffee, 

1008-40 

Ilandelion root, . 


1021-90 

1008-40 

Red-boot, . 


1022-10 

Plantation Ceylon colliv, . 

1008-70 

English chicory. 


1021-70 

Java coffee, 

1008-70 

Yorieshire ohioory. 


1019-10 

Jamaica coffee, . , . 

1008-70 

Foreign chicory, ’ . ■ 


1022-60 

Coeta Rica coffee, . . 

1009-00 

Guemecy ohioory, . 
Mangel-Wurec], 


1023-26 

»l je . • • 

1009-06 


1023-60 

Native Ceylon ooffee, . ., 

1009-00 

Moixe, 


1026-30 

Brown molt, , 

Parsnips, .... 

1010-90 
, 1014-80 

Bread roepinge, , 


1026-30 


4 







It has boon shown by Hehner and Sketohly* that a determination of 
furfural in chicory and coffee may .bo of use. If the furfural 1)0 calculated 
into pentosans, tlien about double the quantity of pentosan is yielded by 
coffoe as by chicory. 

Tho method to be pursued is as follows:— 

From 3 to 4 grms. of the substance arc placed in a suitable distilling 
flask provided with a tap funnel, and 100 c.o. of dilute hydrochloric acid 
(strength 12 per cent.) added. The liquid is distilled, and when 30 c.o. of 
the distillate are collected, 30 more c.c. of the acid are added through the 
tap funnel, and so on until tho distillate measures about 400 c.o. The 
progress of the reaction is traced by testing for furfural by taking a drop 
of the distillate on filter paper and touching the drop with a solution of 
aniline acetate containing sodium acetate. The presence of furfiiral is 
denoted by a pink colour. On adding a solution of pure phloroglucinol to 
the distillate and allowing to stand overnight, a black precipitate forms of 
furfural-phloroglucoside. This is collected on a weighed filter paper, 
washed and dried. Tho weight divided by 1-82 = furfural. This furfural 
may \>e calculated into pentosan by subtracting 0'0804 and multiplying 
the remainder by 1’88. 

(l*«i.,tienuino roasted coffee gave 2-5 per cent, of pentosan; coffee containing 
,S2 cent, chicory gave 2'71 per cent. The same sample of chicory 
roas'^'for diftbront lengths of time gave from 4'8 per cent, to 6'66 per 
cent, of’ftentosan. 

Whed the microscope has detected chicory, and it is certain that 
nothing but chicory is present, tho most reliable guide is the density 
of the iiKusion. Of tho strength given, if the specific gravity of coffee 
infusion be taken as 1008*5 and that of chicory as 1023*0, then the follow¬ 
ing table, from the authors’ experiments, will be a fair guide to the 
amount of adulteration. Tho error usually lies within 3 <per cent., while 
with calculations based on soluble ath the possible error is higher. It 
hence follows that the analyst must be very carefuhin bis statements as to 
tho percentage of chicory. The certificate should say “about . . . per 
emt .;" or supposing that from the soluble ash and from the speoiflo gravity, 
os well as from the microscopical examination, a coffee seems to conttiin 
40 per cent, of chicory, it will be safe to subtract 6 per cent, for error, and 
give the amount as “at least 35 per cent." 

§ 254. W. L. Hiepe, taking into consideration the fact that pure coffee 
has *03 per cent, of chlorine, while chicory has *28 per cent, of chlorine, 
has proposed to calculate the percentage of mixtures on these data. If 
this method should bo accepted, it will necessitate a most careful incinera¬ 
tion , for in the majority of ordinary cases involving ash-taking, two-thirds 
of the ohlorine is volatilised. 

Prunier, again, has attempted to determine the coffoe directly by weight: 
2 grms. of the mixture of coffee and chicory are weighed out, and the finer 
powder is separated by sifting through fine silk. ' This is composed entirely 
of coffee, as may be proved by microscopic examination. That which 
remains on the silk sieve is moistened with water in a test glass; after 
some hours it is thrown ilpon a piece of stretched cloth, and crushed with 
the fingers. The grains of coffee resist the pressure, whilst those of chicory 
penetrate under these circumstances into the cloth, and adhere to it. The 
cloth is dried, and it is then easy to detach the coffee, which is added to 
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the fine powder from the first operation, and weighed after complete 
drying; the chicory is calcnlatcd from the loss. 


TABLE XXXII.— Givino tbb ArpiioxiwA.TK I’l'EciiNTACiE op Ghicoiiv in a 
DEOOO nON OF CoFPEK AND CllICOEY. 


Sl>ectflc 

Gravity. 

ercoiitagp 

of 

ill Mixture. 

Bpcciflc 

Gravity. 

Percentage 
of Ooffee 
iu Mixture. 

8[N;cillc 

Gravity. 

Percentage 
of Ootfeo 
in Mixture. 

® § 
dc5 

Percentage 
of (’offee 
in Blixtnre. 

1009*0 

96-6.6 

1011-6 

78-6 

T014-2 

60-7 

1016-8 

42-8 

1009-1 

96-8 

!011*7 

77-9 

1014-3 

60*0 

1016*9 

42*1 

1009-2 

95-1 

1011-8 

77 2 

1014-i 

59*4 

■MIrM 

41*4 

1009-3 

94*4 

1011-9 

76*5 

1014-5 

58*7 

1017-1 


1009-4 

98-8 


76-7 

1014-6 

58*0 

1017-2 


1009-r. 

93-1 

1012*1 

7.6-1 

1014*7 

67-3 


39*8 

1009-6 

92*4 


74-6 

1011-8 

56*6 

1017-4 


1009-7 

91*8 

101-2-3 

73-8 

1014*9 

55*9 

1017*5 

37*9 

1009-8 

91-0 

101-2-4 

73-1 

1016-0 

66-2 

1017-6 

37*3 

1009-9 


1012-6 

72-4 

1015-1 

54*5 

1017-7 

36-6 

1010-0 

89-6 

1012-6 

71-7 

■JUMM 

53*8 


36-9 , 

1010-1 

88-9 

1012-7 

71-0 


63-1 

1017-9 

35-2 i? 

1010-2 

88-2 

1012*8 

70*3 

1015*4 

62*4 


34-6-f; 

1010-8 

87-6 

1012*9 

69*6 

1016-6 

61 *8 

1018-1 

83 S ’.'-i 

1010-4 

86*8 


68*9 

1015*6 

51-1 



1010-6 

86-1 

1013*1 


1016-7 

50*4 

1018*3 

•32*^^ 

1010-6 

86-6 

1013-2 

67-6 

1016-8 

49-7 


31-7*-' 

1010-7 

84-8 

1013-3 

66-9 

1016-9 

49*0 

1018*5 


1010-8 

84-1 

1013-4 

66*3 

1016-0 

48*3 

1018*6 

80*4 

1010-9 

83-6 

1013*5 

«5*6 

1016-1 

47-0 

1018-7 

29 7 

1011-0 

82-8 

1013-6 

84*9 

1016-2 

46-9 

1018-8 

28-9 

1011-1 

82-1 

1018-7 

64*2 

1016*8 

46*2 


28*3 

1011-2 

81 *4 

1013*8 

63-6 

1016-4 

45*5 

■pmM 

27-6 

1011-3 


1013-9 

62*8 

1016*5 

44*8 



1011-4 


1014-0 

62-1 

1010-6 

44*2 



1011-6 

79-3 

lOM-1 

61-4 

1016-7 

43-6 




H. Hager’s investigations into coffee adulteration may he detailed ns 
bllows;—To examine the nuroasted coffee for artificial colouring-matters, 
le treats the berries with cold water; when, if the berries are in their 
latural state, the water is scarcely coloured. 50 grms. are next macerated 
vith water, to which 1 per cent, of nitric acid has been added, and then 
lydrio sulphide is passed through the filtrate; from this solution ohloro- 
’orm will extract indigo if present. Berlin-blue and alkanet pigment may 
36 dissolved out from the berries by earlxmate of potash solution, and then 
rrocipitated by hydrochloric acid. He finds also that when thrown into 
vater, imitation or artificial berries will sink to the bottom, while good 
3errie8 swim. On treating 3 grms. of powdered cofleo with 20 grms, of 
ioid water, and filtering, after the li^se of half an hour the filtrate should 
DC feebly yellow, and not taste in the least degree bitter; in presence of 
upine-seeds the taste is markedly bitter. 

With regard to the ‘ swimming test,’he recommends a saturated solution 
)f rook salt. 2 grms. of the coffee are placed in a narrow test cylinder 
with 15 to 20 o.c. of the cold saline solution; the coffee is shaken up with 
this, and then allowed to stand for an hour; after this time the coffee 
swims to the surface, and the water remains uncoloured. Lupine-seeds 
generally colour the salt solution yellow, and givj a strong deposit The 

































filtrate from pure coffee gives no precipitate with picric acid, tannin, iodine, 
or alkaline solution of copper. Ferric chloride strikes a green colour with 
false coffee; with starches iodine strikes a blue colour; with astringent 
matters, fei-ric chloride a black colour; if sugar from chicory, dates, etc., 
is present, alkaline copper solution is reduced. 

Lupine-seeds give, when extracted by weak sulphuric acid water, only a 
slight turbidity with mercury potassic iodide. Uofiee, on the contrary, 
under the same circumstances,,gives a strong turbidity; but if this is 
doubtful, the theine can bo extracted from the solution by shaking it with 
chloroform or benzole, which dissolve the theine, but loaves the lupine. 

Hager has also a different method of taking the ‘extract’: 10 gnns, of 
coffee, 1 grm. of oxalic acid, and 80 o.o. cf,water are mixed by shaking, and. 
digested at 100° C. for 3 hours, filtered, and washed with water until the 
filtrate is no longer coloured. The filtrate isovaporatod to dryness. Pure 
coffee at the most yields in this manner 2-5 to S grms. of extract (including 
the oxalic acid), while ohicoiy gives 6 to 7 grm-’.> and other substances 
similarly much increase the extract. His reason Jot using oxalic acid is 
because of its changing starch into dextrin, and quickening the filtration. 

In regard to other adulterations, a gi'ent variety ot irtarcli-holding sub- 
'*tances, with the cereals, may bo entirely excluded, ns certainly not present, 
if njpirty-blue or violet colouration is 2 )roduoed by iodine in an infusion of 
collect In order to apply this test properly, the infusion should bo decolo¬ 
rised, w^jich is most rapidly done by a solution of permanganate of potash. 
Coffee itfelfj as before stated, contains no starch. 

Burnt sugar, or caramel, is usmlly detected by observing the rapid 
darkeniiTg of water on which a little coffee is sprinkled, and the particles 
(on examination in water by the microsooi)o) reveal themselves by the 
absence of organised structure, and the coloured ring, arising from partial 
solution, round each. ♦ 


CoooA AND Chocolate. 

§ 235. ITie cocoa of commerce is made from the roasted seeds of the 
Tlmbroma cacao, a tree belonging to the natural order liytfneriaceae, whole 
forests of which exist in Demerara. It is also more or less extensively 
grown in Central America, Brazil, Peru, Caracoas, Venezuela, Ecuador, 
Grenada, Ess^uibo, Guayaquil, iSiuinam, and some of the West Indian 
Islands; and its cultivation has also been attempted (in most oases suo- 
cessfullyl in the East Indies, Australia, the Philipjnne Islands, the Mauri¬ 
tius, Madagascar, and Bourlmn. 

The principal kinds of cocoa in commerce are known under the names 
of Caracoas, Surinam, Trinidad, Grenad.t, Jamaica, Dominica, Guayaquil, 
Venezuela, Bahia, Brazil, and St. Lucia. The so^s are officinal iu the 
French and Norwegian pharmacopoeias. They arc ovate, flattened, 2 to 2J 
cm. ['7 to "9 inch] long, and 1 to IJ cm. [•"9 to '58 inch] broad, and 
covered with a thin red or grey-brown friable shell. The taste of the fresh 
seed is oily, bitter, and rather unpleasant. 

The seeds, on being submitted to a kind of fermentation (technically 
called the meaiing process), lose in a great measure this disagreeable 
flavour, and develop an aromatic smell. Seeds which have been subjected 
to this treatment are best suited for the manufimture of chocolate, while 
those which have been siinply roasted ore richer in cocoa-butter. 

The cocoas of commerce are deprived of tl^e husk, and consist of the 




Tound or entire cotyledons. The cotyledons are made up of a parenchyma 
f small, polygonal, thin-walled cells (fig. 61). Within these colls are the 
ery small starch granules, measuring al)Out 6 micro-millimetres FjOOf 
nch]. In some of the cells the starch is in little b;;iup8, mixed with tat 
•nd albuminous matters. The starch is distin^ished from rioe-starch by 
he granules being round and not angular. 7 It possesses considerable 
esistanoe to hot water, and the reaction with/iodinc is slow—a quick-blue 
lolour being only brought out by the addbaon of the ohlor-iodide of sine, 
larcful measurements made by Ewell giyrS the maximum diameter as 0'012 
am., minimum 0’002 mm., aTorage aWout 0’006 mm. Some of the cells 
lontain ‘cocoa red,’ which is oolour^/d blue by a solution of ferric chloride, 
,nd dissolved by strong potash *JO a green, by dilute sulphuric acid to a 
ed, and by acetic acid and aMcohol to a violet solution j but the fresh 
eeds are colourless. 


The cotyledons are covered with a thin glass-clear epidermis, consisting 
if at least two layers of Cells, and where it folds between the cotyledons of 
everal layers.' These''are very transparent, they often contain otystals of 
heoliromiu, and otbeer crystals supposed to be those of a fatty acid. 
Utached to the epicaennis are to be found curious club-shaped hairs (fig. 61). 



Fio. SI.—Tissues of cocoa, x 160. A, Ejiidennis, beneath which are seen cells contain¬ 
ing two ditferent kinds of crystalline eel! contents;/, crystals of fatty acids; <, 
crystals of theobromin ; A, a hair. B, The tiasues of the seed proper; sp, spiral 
vessels; o, thickened cells; p, paienohyma, some of the colls of which are tilled with 
various cell contents. 


To examine ground cocoa microscopioally, if not already fat free, it 
must be exhausted with ether—the finer particles may then be examined 
in .glycerin and water for foreign starches, and lastly, the dark opaque 
portions eleared up by treating with a strong solution of potash. Unless 
methods of the above kind are adopted, but little can be made out from a 
microscopical examination. 

§266. The commercial varieties of cecoa are very numerous :—Cocoa 
nibs are simply the bruised, roasted seeds deprived of their coverings; aud 
fafee cocoa is composed of the nibs ground in a particular form of null. 
The cocoa powdeis may be divided into tihose mixed with starches and 

^' !^e chief distinguishing marks of the husk arc a largC-criled epidrimis, and small 
thiek-tnlled ccIIb ; but, unless as an adulteration, the husk trill not occur in ordinary 
coca^’’ ' 


lagar and partly deprived of fat, and those which, like the Dutch cocoas, ^ 
tavc been troat^ with salts of soda, potash, or ammonia, with the idea of- 
Ibrtcning the cocoa fibre. These latter contain no added starch. Some of 
hem have not been deprived of fat. Another method of manufacture is 
to soften the fibre by heating in closed vessels with water to 160" C. 

Ef>}i»’ii cocoa, according to an analysis advanced as evidence in the cose 
of (Hlison V. Leiifer, is composed of cocoa 40 per cent., sugar 44 per cent., 
and starch 16 per cent. 

Granidaled cocoa is mostly a mixture of nibs, arrow-root, and sugar; 
Flomoeopathie cocoa, a pro{)aration of the same kind without the sugar; 
Maravilla cocoa contains sugar and much sago flour; and cocoa mence, 
cocoatine, etc., consist of pure cocoa deprived of 60 to 70 per cent, of its fat. 

^ ’257. Ghocxtlaie .—In the manufacture of chocolate the cocoa-nibs are 
ground in a mill, the rollers of'which are usually heated by steam, so as to 
soften the cocoa-butter; and in this way a paste is formed which is mixed 
with refined sugar, and very often other substances, and pressed into 
moulds. Some of the recipes for chocolate arc as follows:— 

(1.) i'rmich Oliorolaie .—Two beans of Vanilla rubbed into a jx>wder 
with sugar, and 1 lb. of best sugar to every 3 lbs. of cocoa nibs. 

f2.) Spanish Chocolate. —(o.) Cura^oa cocoiv 11, sugar 3, Vanilla j’^, 
cinf|mou cloves (6.) Caraccas cocoa 10, sweet almonds 1, sugar 
3, VaXlla sV- 

(Z.)\Vanilla ClwcokUe .—A chocolate paste highly flavoured with 
Vanilla, and generally with other spices as well, (a.) Caraccas cocoa 7, 
Mexicap Vanilla cinnamon and sufficient cloves to flavour, (b.) 
Best chocolate paste 21, Vanilla 4, cinnamon cloves and mnsk in small 
quantities. 

The chocolates of English commerce yield but little cocoa-butter, since 
they are mostly prepared from the cake loft after expression of the oil. 

§ 2.58. The average chemical composition of cocoa, according to some 
English analyses, is as follows:— 



i. A. WuiklyQ. 

J. Mutor. 

0 <^a butter, . . . , 

50-00 

421)4 

Tbeobromiu. 

1-60 

-90 

Starch. 

. 10-00 

19-03 

Albumen, fibnn, and gluten, . 

18-00 

12-21 

Oum,. 

8-00 

8-40 

CJolouring inatlor, . 

2-60 

3-63 

Water, ..... 

. 6-00 

6-98 

Aeh,. 

3-60 

2-90 

Loss, etc., .... 

. 0-30 


Cellulose, .... 

100-00 

6-05 

100-00 


, The peculiar oonstitaents of cocoa are three—viz., cocoa-butter, theo- 
hromii., and cocoa red. 

Cocoa or Cacao-hsUer, Oleum theobrorm .—This fat is a yellowish-white 
concrete vegetable fat of about the consistency of tallow. Its specific 
gravity at 15’ C. is from 0'95 to 0’96; and at 100° C. about 0'856. The 
melting-point is from 28° to 32° C., the solidifying-point of the fat from 21°; 
to 23° C., while the mixed fatty acids melt at from 48° to 60° 0., and solidify,:^ 
at from 45’ to 47° C. It has a definite Heichert value, the distillate being 
sufficiently acid to use ftonwl to 2 o.o. of decinormal alkali. The insolubk.^ 
fatty acids are somewhat low, about 24 to 66 per cent.; tiie saponifioation.^ 
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value is from 193 to 195, and the iodine value from 32 to 38. The iodine 
value of the fatty acids, according to do Negri and Fabris, is 39'1. 

The acid value of commercial samples, according to Dietericb, is from 
I'O to 2'3; samples slowly increase tlirougli ago in acidity, the absolutely 
fresh butter only requiring from 0'06 to 0’22 c.o. of decinormal alkali. 

The above constants are explained by the composition of cocoa-butter; 
it consists chiefly of the glycerides of stearic, palmitic, and lauric acids, 
with small quantities of liiioleic, arachidic, formic, acetic, and butyric 
acids. Cocoa-butter is soluble in five jjarts of alisolute alcohol, but in¬ 
soluble in 90 per cent, alcohol. 

It is often adulterated, particularly with tallow, almond, arachis, 
Bcsamd, and cocoa-nut oils, beeswax, stearic acid, aud paraliin wax. 

Indications of such adulterations will be afforded by a detcrminiition of 
the constants given above. Thus a low saponification value suggests 
beeswax or paraffin wax. A high iodine value suggests some of the 
vegetable oils, such as sesamfi, arachis, or almond. As regards tallow 
there are two special tests, Bjorkluud’s test as modified by Filsinger and 
Hager’s aniline test. 

BjiirUuruts Test. —The first test is performed as follows:—2 grins, of 
the sample are melted in a test-tube and agitated with 6 c.c. of a mixture 
of four parts of ether (specific gravity 0'725) and one part of alcohol (specific 
gravity 0'810); should tallow be absent the solution remains clear; other¬ 
wise it becomes turbid, especially if the solution is cooled to 0°. 

Hager’s Aniline Test. —This is a test for not only tallow, but several 
other fats. A gramme of the sample is warmed with 2 8 grms. of aniline 
until it dissolves, and then allowed to stand for an hour at 1S°, or, at higher 
temperatures, longer. Pure cocoa-butter forms a layer on the top which 
does not solidify for hours, but if it has been adulterated with tallow, 
stearic acid, or small quantities of paraffin wax, granules appear in the oily 
layer; if largo quantities of 'stearic acid or paraffin wax are present, the 
whole may become a solid crystalline mass. A rough quantitative deter¬ 
mination may be made by comparing standard mixtures of the adulterant 
found and in any case the test should be confirmed by getting out the 
constants. Cocoa-butter is stated to be replaced in some cocoas by 
’ mixturos of fats; but this is rare; at all events, no prosecution for such 
hu been in^oted in England. 

* Coooa-f^a readily soluble in either ether or petroleum ether. It may 
be determined by exhausting a weighed portion, in a Soihlet tube with 
either solvent, and since cocoa or cocoa imxtures contain a good percentage of 
fat, small quantities may be taken, such as 5 grms., for this determination. 

Cocoa should contain at leosF 20 per cent of cocoa fat; if loss than 
that is found, it is probably adulterated.* 

' HN-CO 

? J>269. Theotmmin (CjHgN^Oj) or dimethyl- 

canthin; it may be transformed into theme by dissolving in ammonia, 
precipitating the ammoniaoal solution by silver nitrate, and heating the 
srystalline precipitate with methyl-iodide. Theobromin was discove^ in 
1841 by Woskresensky, in the se^s of the Theobroma cacao ; it principally 

‘ 20 per cent is the standsid of the f .... ■ ■■ aooording to 

■ mnch too low. 



resides in the cotyledons, and in smaller quantities in the seed coverings. 
The average yield of theobromin appears to be per cent. 

The original method of eopemtion puraued by Woekroseiieky wee—oxti'oction on the 
water-bath with distilled water, filtering through linen, proeipitating with sugar of lead, 
refiltering, freeing the Cltrato from excess of load by SH^ evaporating to dryness, and 
subsequent purifying of the residue by solution in spirit, and troatineiit with animal 
charcoal. Mitschciiich, amiu, boils the cocoa witli a weak solution of sulphuric acid in 
order to change the staroli into sugar, saturates the fluid with carbonate of lead, and 
ferments it witii yeast to destroy the sugar. On the conclusion of the femicntatian, the 
fluid is boiled, neutralised with soda, filtered, concentrated by evaporation, and the 
impure brown theobromin which separates boiled in hot nitric acid. This nitric acid 
solution is precipitated by ammonia, again dissolved in nitric acid, and the nitrate 
obtained by evaporation. According to Mitsoherlich, the quantity obtained in ttiis way 
is much greater tbau by other processes. 

Wm. E. Kuuzo * has made an cihuustivc study of the published processes 
for the separation and estimation of theobromin and theiue in cocoa of 
Weigmann, Mulder, Wolfram, Leglcr, Trojanowsky, Zipperer, Siiss, 
Diosing, and James Boll, and finds them all imperfect or inaccurate; 
and after much research, he has adopted the following, which, from test 
analyses, appears to give results of great accuracy:— 
fe.. 10 grms. of cocoa are boiled with 150 o.c. of 5 per cent, sulphuric acid 
for 20 minutes, the fluid is filtered, and the residue well washed with 
boilifg water. While warm the mixture is precipitated by phosphomolybdic 
acid,^ and after standing 24 hours the precipitate is filtered and washed 
with much 5 per cent, sulphuric acid. The precipitate while still moist is 
transferred to a flimk, and decomposed with baryta water. The alkaline 
fluid is then saturated with COj and evaporated to dryness. The dry 
mass is transferred to a flask, and exhausted by boiling chloroform, the 
flask for this purpose being comieoted with an inverted condenser. The 
chloroform extract is plao^ in a tared flask, the chloroform distilled off, 
and the residue dried and weighed. The weight equals theobromin-1- 
theine, with a littlo mineral matter, so small that, in technical analyses, it 
may be neglected. If it is desired to estimate these crystalline substances 
separately, the residue after weighing is dissolved in a little water, ammonia 
added, and to the ammoniaoal solution silver nitrate added. On prolonged 
boiling the crystalline silver theobromin falls down (C^H^AgN^Oj) containing 
37‘488 per cent. Ag. This may be weighed, or dissolved in dilute nitric 
acid, and the silver precipitated .is chloride. Kunze, however, prefers a 
volumetric process of separation. He adds a measur^ quantity of silver 
nitrate solution of known strength (say 5 per cent.), and after filtration, 
titrates the unused silver by ammonium sulphocyanide—by multiplying 
the silver thus foimd by difference in the precipitate by the factor 1‘66 (fi 
108 silver = 180 theobromin) the weight of the theobromin is obtaine 
and this weight subtracted from the l umbined weight of theobromin ai: 
tbeine gives, of course, the theine. 

Theobromin forms microscopic rhombic needles. It is generally thougl 

* Zeil, /. amUyt. Chem., 1694, 1, 8eo also Btumner and Heinrich Iicius, Schm 
Wochm, f. Chem, u. Phantk, March, 1893. 

’ Frepared by precipitating aininonium molybdate, by eodic phosphate, suajiendii 
the well-waahed precipitate jn water, and adding sodium carbonate, and warming un 
dissolved. The solution is evaporated to dryness and ignited. Tlie ignited residue 
powdered, mixed with nitric acid into a paste, and again ignited.! The residue is warm 
with water, nitric add added to strong acid reaction, and dilated to 10 per cent.; t 
solution is warmed for some time and ultiinately filtered; the result should be a cle 
yellow liquid. * 



K) sublime between 290° and 29B° C. without decomposition, but this 
omperature is many degrees too high. The senior writer finds that a 
ninute fragment, placed in the subliming coll elsewhere described, begins to 
'ivo fine nebulee at 134° C., and on esaminiug the mists by a high power, 
hey are resolved into extremely minute dots; distinct crystals arc obtained 
it tomporaturoB of 170° C. and above. Theobromin is insoluble in petroleum 
ether, aud not very soluble in ether, one part requiring 600 parts of boiling 
aud 1700 parts of cold ether. It is soluble in alcohol, 1 part requiring 47 
parts of boiling and 1460 of cold alcohol. Its solubility in water is stated 
to bo 1 in B5 parts at 100° C., 1 in 600 parts at 20° C., and 1 in 1600 at 
0° C. It is somewhat soluble in chloroform and warm amyl-alcohol, but 
with difficulty soluble in benzole. 

Theobromin' forma easily crystallisable salts. The simple neutral salts 
arc decomposed by water, with the fonnation of basic salts, aud lose their 
acid, if it is volatile, at 100° C. A hydrochloride of theobromin, CjlI^N^O™ 
1101; a nitrate, OflIjN^02,NHOj; a platinum salt, C-HjN^O^iHClI’tCIj 
-I-2H2O; are all very definite crystalline compounds. A noteworthy salt 
is that with nitrate of silver, which is formed by adding a solution of 
atgentlo nitrate to a solution of nitrate of theobromin; in a short time 
there separate silver-white needles, very insoluble in water, of the com¬ 
position C,H8N4()2,NH0,-fAgN02. 

The other prccipitants of theobromin are—^phospho-molybdicacid (yellow) 
and clJoride of gold (long needles). Tannic and picric acids only produce 
turbidity, while potass, mercuri/c iodide and potass, cadmium iodid j do not 
precipitate. A characteristic reaction of theobromin is that produced by 
peroxide of lead and sulphuric acid. If peroxide of lead and 'diluted 
sulphuric acid are heated with theobromin, avoiding an excess of the 
oxidising agent, COj is developed, and if filtered from lead sulphate the 
filtrate gives off ammonia with potash, separates sulphur on treatment 
with SHj, stains the skin purple-red, and colours magnesia indigo-blue. 

Thoobromiu is poisonous to kittens (and other animals of similar size) in such large 
doses as a gramma It appeal's to bo sejiarated by the kidneys, and oould probably bo 
diseovored in the luine of any peraoii taking large quantities of ooooa. The method of 
research successfully used by Mitscherlich is as fmlows:—^The urine is acidified with HCl, 
-filtered, and to the filtrate, ^dified with nitric acid, a solution of phospho-molybdate of 
soda is added.^ The precipitate is collected, and treated with baiyta water until it is 
strongly alkaline, warmed, filtered, and the filtrate evaporated; the residue extracted 
with alcohol, refiltered, and tlie filtiato again evaporated. This last residue is dissolved 
in a drop of hydrochloric acid, and precipitated by ammonia. The alkaloid may how bo 
collected, and, if necessary, purified* 

§ 260. Cocoa red is an astringent oolouring-mattor found in cocoa. 
On saponification it breaks up into glucose, tannin, resin, and the ill- 
defined brown amorphous sutetauoe to which has been given the name of 
phinbapheue. 

When cocoa is freed fnmi fat the red colouring-matter is only partially 
extracted by solvents, unless a mineral acid has hefin added. By adding 
a few oubio centimetres of hydrochloric acid and gently warmii^ te a few 
seconds, the red oolouring-matter is .dissolved with great ease ly amyl 
alcohol, as well as By ethyl alcohol. It can be in part shaken out of an 
aqueous solution by amyl alcohol. It is insoluble in ether or petroleum 
other, but dissolves ^ a sbgh't extent in carbon bisniphide. '. The best way 

IB. Pi^er (Str, d. d. ifhetn. QtstlU.. xv., 458-^466) has itansfqrmed xanthine, 
(^H*N 40 „ into theobromin by beating lead xanthinate, dried at 180° hi a ze^ed tnbe. 
at IdO’vnthiite weight of methyl iodSie. 



to extract cocoa red is, apparently, as follows:—From 2 to 3 grms. of the 
fat-free cocoa arc made into a paste with bydruchlorio acid, the acid paste 
put into a Soxhlet tube and exhausted by 100 c.c. of abmhile alcohol, the 
alcohol being heated in a flask standing in a beaker of boiling water. 
Before beginning the extraction, sufficient silver oxide is added to the 
alcohol in the flask to fix the hydrochloric acid. The alcoholic liipiid is 
cooled, filtered, and then precipitated by an alcoholic solution of lead 
acetate. The precipitate is of a purple black. It is collected on a filler, 
well washed with boiling water, and then transfciTod to a small fliwk, some 
70 per cent, alcohol added and the load salt decomposed by Sll,; on 
getting rid of the SJIj, filtering and evaporating to dryness, the rod 
colouring-matter is obtained in a solid form, and by repetition of the 
process purification may be effected. 

A solution of cocoa red obtained in this way gives a diffuse band in the 
green, allowing the red, blue, and most of the yellow rays to be transmitted. 
Tlie solution in alcohol is capable of being estimated on colorimetric 
principles, but low results are obtained because the process always entails 
some decomposition. 

If estimated by quantitative siMctrosoopy, the wave lengths between 
iS^9Q,and 578, between 578 and 565, and between 539 and 529 arc the best 

adajipd. 

TlA absorption factors for these wave lengths are as follows:— 

a690 to 678. 0-001382 

a578 „ 666. 0-00148 

a639 „ 629. 0-000996 

CocoJ rod is a sensitive reagent to acids and alkalies, alkalies generally 
striking a dirty green, mineral acids a red with a violet shimmer. The 
solution in water is bitter, and gives precipitates with the salts of iron, 
copper, and silver. • 

Zip'perei’s Method of Determining Cocoa Red and the ProducU of iU 
Decomposition. —100 grms. of cocoa are exhausted of fat by petroleum 
ether. The residue is dried and then macerated for 8 days in a litre of 
absolute alcohol. The alcohol is filtered off, and moat of the alcohol is 
recovered by distillation; in any case the alcohol is evaponited to an 
extract and weighed. This mainly consists of cocoa red with resin and 
pblobapheue, pr^ucts of its decomjiosition ; the weight may be designated 
by p. The cocoa which has been exhausted by petroleum ether and treated 
with alcohol is now macerated in a litre of water for two days, at the end 
of which period it is filtered. The filtered liquid is precipitated by four 
times its volume of absolute alcohol and again filtered. The filtrate is 
evaporated to an extract. The eitmot is tinted with a definite quantity 
of water, and a fractional portion of this is precipitated with neutral acetate 
of copper; the tannate of copper is oolloct^pd, dried, weighed, and incinerated, 
the loss of weight on incineration being returned as tannin; let this weight 
bo denofc d as p*; then p -f p' equals ‘ cocoa red.’ The phlobaphene and 
resin may also be determine. To do this the alcdholic extract, p, after 
being we^hod, is teeated on a filter with acidulated water (which dissolves 
the tannin) and washed with water. The residue thus fre^ from tannin 
is washed with 200 o.o. of ammoniacal water (60 per cent.) which dissolves 
the phlobaphene; and the solution is filtered, evaporated to dryness, and 
weighed as phlol^pbcue. The residue freed from tannin and phlobaphene 
is dried and, weighed and returned as resin. Zipperer obtained from a 
sample treated in this way, p<r.2-6.4 per eent, p'sa 2-85, phlobaphene 2'0, 
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resin 0'07 ; in other words, the total cocoa red was 5'49, the tannin gluoo- 
side being equal to the difference between the weight of the total cocoa red 
and the united weight of the phlobaphene and resin—that is to say, 6'49— 
9*07 = 3‘42 per cent. 

Zipporert methcxl with its largo quantities of absolute alcohol is 
expensive and time-consuming, and without a doubt could bo simplified. 
With careful work cei-tainly a tenth of the quantities may bo used—that 
is to say, 10 grms. of cocoa instead of 100, and the solvent dimiuished in 
the same proportion. 

§ 261. Detei-mination of Omde Filn-e .—A gramme of the substance is 
freed from fat by exhaustion in a Soxhlet tube with ether or petroleum 
ether. It is theu boiled under au inverted condenser with 1 '26 per cent, 
of dilute sulphuric acid; for this purpose from 100 to 150 c.c. of acid will 
bo required; it is then filtertid and thoroughly washed with hot water. 
The matter on the filter is next washed into a flask and boiled with 100 c.c. 
of 1'25 per cent, soda solution. This is filtered and the residue thoroughly 
washed with hot water and, lastly, with alcohol, collected on to a platinum 
dish, dried, weighed, and ignited. 

§ 262. The Ash .—The composition of the ash of cocoa seeds is stated 
by Sir. Wanklyn to be as follows:— 


CoMPosmoN OF Ask of Cocoa Sasna 


Piitasb, . 

Cliloride of sodium, 
Fomms oxido, 
Alumijui, 

Ume, . 

Mugiiesia, 
Pliusplioi'ic acid, 
Sulpmiric acid, 
Oarbonic acid, 
Silica, , 

Sand, 


Per cent. 
29-81 
0-10 
1-60 
2-40 , 

7-72 
7-90 
24-28 
1-92 
0-98 
B-00 
12-15 


The percentages of ash found in cocoa are given as follows:— 


l-orcentagc 


of AbIi. 

Common Trinidad,.3-27 

Very fine Trinidad.' . 3-62 

Fair, Mod, fine Trinidad, . . . , . 3-64 

Fine Oranada.3-06 

Caraccos. 4-58 

Bahia (Brazil). ,8-31 

Fine Surinam (small),.3-06 

Mexican.'. . . 4-27 

Dominican, -.2-82 

African.' . - . . . 2-68 

Mean of the tea being-.3-48 


Thus the lowest determination is 2-68, the highest 4-58 per cent. The 
nibs show a lower ash than the shell. The nibs of the Caraboas give 3-96 
per cent, of ash, 2-00 being soluble and 1-96 insoluble in water. The nibs 
of Mexican seeds give 2-59 per cent, of ash, -89 part being soluble and 1-70 
insoluble in water. The ash of the shell is rich in, but. the nib almost 
devoid 0 ^ carbonates. The ash should in all cases be dissolved in a 
measured quantity of d. n. sulphuric acid, boiled to expel carbonic acid gas, 
and then, after adding litmus, titrated back with d. n. soda; the difference 
between the two results is a measure of the alkalinity of the ash, and is 
















calleti by tho American chemists the “ acid equivalent.” Dutch cocoas and 
others which have been treated with alkalies show a high alkalinity. Mr. 
Heisch has examined the cocoas of commerce, with the results embwUed in 
the following tables:— 

TABLE XXXIII.— Examination of Boasted Beans aftbe Removal 

OK THE IlCBK. 



1 . Csraccasl., . 

2. „ II.. , 

3. Oiwyaqiiil I., . 

4. „ II., 
D. Trinidad I., 

6 . II,. . 

7. Pnsrto CaWlo, 

8 . Sucosnuaco, 
Mean, . 


II. Cocoa Hcsks. 





























































Sixty-four analyses of oommeroial Sfvmplcs of cocoa and chocolate have 
seen made in the U.S. Agricultural Laboratory, and the general results 
nay be classified as follows;— 


TA15LK XXXV. 


Moisture. 

Fut. 

Filire. 

i 

.1 

Add 

A(dd 

Bfjinvaloiit 
by Ash. 

Siit^r. 


A. Sumjiles of cotoa or ehoeolaie in fommeree withoid any admUInre, but most of 
them, eoidoMy ohowiny Ireaftnent by akam or alkalies. 


Maximum, 


s-fi 


5-02 

8-84 

16-6 

4-9 


Minimum, 


2'.5 

27-.56 

1 2*87 

3-17 

4-9 

1-35 


Mean, 

• 

3-0 



5*28 

1 

12-0 

2-2 

... 


B. 

Cocoas ami okocolales mued only xoiik sugar. 



MaximuiTi, 

i 

1-76 

25-74 

1-99 



1-20 

llliCiM 

Miuimom, 


0-6.5 

18-47 

0-94 

1*28 


-72 

■iim 

Moan, . 

1 

* 1 

1-13 

22-3 

1-31 

1-58 

2-81 


67-3 

C. Cyam awi ehoeoliitrs mixed toUh wheat, flour, and sugar. , 

Maximum, 


m 

28-72 

1 

. 1-85 

3-29 


1-58 

60-0 

Minimum, 

• • ' 


16-22 

0-81 

0-97 

1-26 

0-46 

51-0 

Moan, , 

• 

1-71 

20-79 

; 1-14 

1-65 

1-86 

1-28 

66-7 

D. Cocoas and chacolaUs mixed toith arrowroot and sugar. 

Maximum, 

Mmimum, 


2-5 

28-79 

1-20 

3-15 

1 4-60 

1-63 

61-00 

, , . 

0-6 

11-18 

2-62 

1-40 

, 2-26 

0-83 

26-00 

Mean, 


1-4 

22-80 

1-85 

2-30 

i 3-08 

i 

1-37 

1 

36-4 


B. Bensomann lays stress on the relations between- the fat, starch, and 
matters iiisoluble in water. Derignating the starch by 8, the fat by F, 
the insoluble matters in water by U, the starch divided by the difference 
between the fat and mattera insoluble in water gives what Bensemann calls 
“the starch coefficient,” and is an <^id to estimating the admixture of 
cocoa with flour or starch. He also gives other coofiBcients. This method 
and its results can be gathered from his analysis as follows 















TABLE XXXVL —^Bensbmakk’s Analyses op Cocoa, Coco ► Httsks, and Chocolate. 



22-57 4*58 I 8*58 • 60*63 
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TABLE XXXVII.—NrMEBiOAi, Helatiohs between the vaeiovs Constitheni* 

OE ME O0OOA8 IN THE BKEOEDINB TABLE AS OALEHIATED BY BensEMAHN. 


S=3tanh ; F=/a< j \J—total organic mailer insoluble in miler. 



S 

■ 

8 

ii 

V 

IJ 

s 

F 

Air*driod Jiusked lieans— 


B 




Maracaibo,. 

0-4289 

0-7395 

0-1636 

0-6185 

0-2645 

Caraccas. 

0-4074 

0-7z73 

0-1678 

0-6125 

0-2577 

Trinidad,. 

0-0452 

0-7297 

0-1247 

0-0387 

0-19.53 

Machala (Otiayaquil), . 

0-.36S3 

0-7330 

0-1297 

0-6379 

0*2033 

Portojikta. 

0%‘1660 

0-7734 

0-1481 

0*6589 

0-2247 

Means, .... 

o-ma 

0-7406 

0-1446 

0 6335 

0-2283 

Atr-driod husks— 






Maracaibo, ..... 



ESmII 


3-7664 

(Jaiaccas,. 

Trinidad,. 

0*3525 


0-1479 

0*0304 

4*8674 

0*1515 

0-0467 

■iBEIjljfl 


3-6413 

Machala (Guayaquil), . 

0-1272 

0-0402 



3-4827 

Portoplato,. 




lltM 


Means, .... 

0*1508 




ISh 

Chocolate in cakos mixed with 
only— 






4-8 marks per kilo. 

0-3838 

0-7303 

0-1438 

0-6263 

0-2300 

4’0 )» » ... 

0-3470 

0-7161 

0-1314 

0-6220, 

0-2112 

3-2 „ ... 

0*51310 

0-7226 

0-1207 

0-6354 

0-1809 

2-4 „ ... 

0-3029 

0-7O3.-. 

0*1141 

0-6232 

0-1831 

2-0 „ „ ... 

0-8729 


0-1298 

0-6617 

0-1992 

Mciitis, .... 

0-3480 


0-1282 

0-6317 



§ 263. Stutzer classifies tbe nitrogenous constituents of cocoa as 
follows:— 

• 1. Non-proteids, substances soluble in neutral water solution in 

presence of copper hydrate (theobromin, ammonia, and amido 
compounds). 

2. Digestible albumen. 

3. Insoluble and indigestible nitrogenous substance. In three samples 
he found the mean numbers in per cent of total nitrogen to be—soluble 
non-proteid nitrogen 29‘4 per cent, albumen 32'2 per cent, and not 
digestible 38’4 per cent Mr. Wigner’s examination of the nitrogenous 
constituents of cocoa, based on 84 commeroiarsamples, is given in Table 
XXXVIII. 

§ 264. Adnlteratiom of Cocoa .—The list of adulterations usually given 
is as follows .-—Sugar, starches, Venetian red, brieWust, and jjeroiide of 
iron. Some of these sophistications, such as the starches, majr be detected 
by a preliminary mici-oscopical examination, which in no instance should 
be neglected. The ordinary chemical examination consists in the extraction 
of the fat as before described, the estimation of the percentage of ash in 
the ordinaiy way, its division into soluble and insoluble, and its content of 
phosphoric add. By a simple estimation of the fat and the chief con¬ 
stituents of the ash, supplemented by the use of the microscope, all known 
adulterations can be detected. The amount of phosphoric acid in the ash 
















of soluble cocoas has been taken as a basis of calculation of the amount of ' 
cocoa, and in the absence of foreign seeds, or other phosphate-producing 
substance, the calculation will be a fair approximation to the truth. The 
ash itself and the amount of phosphoric acid will, of course, be verj 

TABLE XXXVIII.— Nitbooenods CoNsriTnESTS of Coco*. 



I 

1 

V . 

1? 

H §/, 

II 

- • 

lls 

illl 

■*5 

u a 
« © 

1. 

2. 

3 . 

4 . 

5 . 

6 . 

/Sociuiza, . 

- 1 Pai a 

-IV>Sted beans,Trinidad.' 

V^TOBoda,. 

- X - 

10i)5 

1- 1G2 

2- 978 
•96.'; 
•699 

1-201 

2-040 

2-000 

1- 490 

2- S70 

•600 

-760 

2-305 

•370 

•330 

•770 

1-175 

1-045 

1-050 

1-335 

9 92 
7-35 
18-84 
6-11 
4-42 
7-81 
12-92 
12 67 

9 46 
14-99 

3- 80 

4- 81 
14-:9 

2-37 

2-09 

4-88 

7-44 

6-62 

6- 65 

7- 56 

3- 12 
2.54 

4- 05 

3- 74 
2-80 
2-73 

4- 48 

6- 05 
2-81 

7- 43 

54-9 

66-5 

78-5 

38-8 

47-3 

34-1 

57-6 

52-2 

70-3 

50-4 


notably diuiinished in the case of the soluble cocoas, and the percentage of the 
phospboqc'acid will in such instances be a fair guide to the amount of 
foreign admixture. For example, suppose a soluble cocoa to yield au ash 
of 1 5 per cent., ‘6 of which is due to phosphoric acid, taking as a basis 
of calculation -9 per cent.’ of phosphoric acid in cocoa nibs:— 

I®^^=66-6. 

That is, the mixture contains about 66'6 per cent, of cocoa. The amount 
of starch in cocoa may be determined in the ordinary way, as described at 
p. 136 ef eeq., but the process is somewhat tedious, and may be dispensed 
with, since the extract in cold water is always a guide to the adulteration 
by starchy substances. Cocoa nibs treated in this way give to water about 
6'76 pitr cent, of organic matter and 2‘16 of ash. The determination of 
theobromin and of cocoa red is also of use. 

§ 265. Adulterations-vf Ghocolaie .—Oil of almonds, cocoa-oil, beef and 
mutton fat, starches, cinnabar, chalk, and various other substonces are 
usually enumerated; a few of these are, however, apocryphal. 

The analysis of chocolate is oondnct.iKl on exactly the same principles 
as that of soluble cocoa. If it is desired to separate the different con¬ 
stituents, the method recommended by A. Porrier may be used:—Extract 
the fat with ether, and the sugar with alcohol (f 20 per cent., and dissolve 
the Btarcn out by boiling water. The liquid holding the starch is then 
decolorised by animal charcoal, and the starch precipitated by alcohol of 
50 per cent., dried, and weighed. But as rega^ adulteration, the pro¬ 
cedure recommended in the case of cocoa will be found quite efficient, and 
less cumbersome and tedious. 

* The lowest peroentage given by Ur. Hneoh, and bnt IltQe different from Hr,. 
Wsnklyn’a . 











PART VI. 


ALCOHOL, SPIRITS, LIQUEURS. 




PART VI.-ALCOHOL, SPIRITS, LIQUEURS. 


ALCOHOL. 


§ 266. The term cdrolwl, in its strict clicmical sense, applies only to 
the neutral compounds of oxygen, carlwn, and hydrogen, which, by the 
notion of acids, form others. The principal alcohols are enumerated in the 
-following table:— 


TAULK XXXIX.— Exiiibitino tbk Peopertiks of the Prinoipai Ai.oohol«. 




SpeolQu Qravity, 
16-6*. 

Vftp4»nr. 

Bollint; Point. I 

Alcobuls. 




UhI. Wt. 






H=l. 





Liquid. 

Vapour. 


KaUr. 

Cutii. 

1. Wood Spirit, ov\ 
mothylic alcohol, . / 

011.0 

0798 

1-12 

16 

,.148-6 

647 

2. Spirit of wiue, or| 
ethylic alcohol, . ( 
8 . Tritylic or i)i*opylic, . 

4. Tetrylic or TOtylic, . 

GAO 

07936 

1-6133 

23 

173-0 

78-3 

C,H,0 

0'8]7 

2-02 

30 

207-3 

97-4 

O.H^O 

0'8032 

2-689 

37 

242-0 

117-0 

6 . Foue^ oil, or amylio, 

6 . llcxylio or capi-oio, . 

c»th,o 

0-8184 

3-147 

44 

280-0 

138-0 

0 ,11,.0 

0-831 

3-63 

51 

314-0 

167-0 

7. Heptylic, . 

8 . Octyuo or caprylio, . 

c,n ,„0 

0*8J9 


68 

848-8 

176-0 

C»H„0 

0-823 

4-60 

65 

384-8 

196-0 

12. Lauiylic, . 

10 . Ethai or cetylic, 

01 ,11*0 

... 


... 


... 

27. Corotin or cetylic. 



... 

... 


... 

80. Mclissin or mellisylic 


... 






Of these ethylic alcohol, wood spirit, ami fousel oil are the three of most 
importance to the analyst. 

Ethylic Alcohol, CjHjO, specific gravity, 0'8059 at 0° C., 0'7936 at 
15°'5 C.; boiling point, 78°-3 C. Absolute alcohol is usually obtained by 
digesting strong alcohol with freshly ignited lime, and distilling. Young * 
has, however, shown that a mixture of alcohol, bensene, and water 
distilled with the aid of an efficient still head, and fractionated, will yield 
at one operation a large /raction of alcohol containing a Uttle over 1 per 
cent, of water.* This fraction on repenting the opemtion may be made 
similarly practically absolute by the use of benzene, the benzene acting as 

r Joum, Chem. Soe, Trans., 1902, 707. 

■ raute methyl alcohol can be freed from water by eiinple fractional distillation 
(Young and Fortey, op. eft., 719). 
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a dehydrating agent. Absolute alcohol does not dissolve common salt, nor 
does it give a blue colour when digested with anhydrous sulphate of 
copper, if perfectly water-free. Filter jsipor saturated in the following 
solution—viz., two parts of citric and ouc of raolylidic acids heated to 
incipient fusion, then dissolved in .30 to 40 pints of water and dried at 
100“ C., is not bleached when soaked in absolute alcohol; but should 
water bo present, the blue of the pajier is entirely discharged. Pure 
alwlute alcohol burns with a white flame, but if water is present the 
flame is blue. 

There is no cloudy appearance when mixed with water, sliowing the 
.absence of oily matters, it should bo also i)erfoctly neutral to test isiper, 
and leave no residue on evaporation. It must bo remembered that, in a 
commercial sense, ‘absolute alcohol’ is any stronger spirit than can be 
obtained by ordinary distillation; and, since this is the case, it would be 
most unwise for any .action to be taken under the “ Sale of Food and Drugs 
Act,” unless a distinctly fraudulent statement has been made. “ Absobito 
alcohol,” as bought over the counters of the chemist, is seldom above from 
93 to 99 |)cr cent, of real alcohol. 

§ 267. Iteiiijied as defined by our own pharmacopoeia, should 

be of siiecific gravity 0'838; by that of the Netherlands 0'830 to 0'834; of 
(lermauy, Switzerland, and Norway, 0’833G; of Austria, 0‘838; of France, 
0'835 to 0'841. It should be neutral, colourless, volatilising without 
residue, and free from other alcohols. 

Prno/ Spirit, —a term in constant use for purposes of excise,—is a 
diluted spirit, which was defined by Act of Parliament (88 George III.) to 
be “such as shall, at the temperaturo of 10"’0 G. [51° Fahr.] weigh exactly 
twelve-thirteenth jiarts of an equal measure of distilled water.” According 
to Driukwator it consists of— 

Alcoliul by weight.49'24 

Water by weiglit,.60'76 

100-00 

.and itq specific gravity at 16°'6 C. is 0'91984. 

In the analysis of aU spirits (seeing that the terms ‘ proof ’ and ‘ under 
proof’ are used and known in the trade), the statements of results should 
always include the percentage of proof spirit. 

Spirits weaker than proof are described as TJ.P., under proof; stronger 
than proof as O.P., over proof; thus a spirit of 60 U.P. moans 60 water 
and 60 proof spirit, 60 U.P., 60 water and 40 proof spirit. On the other 
hand, 60 O.P. means that the alcohol is of such a strength, that, to every 
100 of the spirit, 50 of .water would have to be added to reduce it to proof 
strength. In all the above the strengths are only good for the normal 
temperature of 1D°'5. 

§ 268. Test$ for Ethyl Alcohol. —The principal tests for alcohol are the 
following:— 

(1.) Production of Acetic Ether. —To a distillate or aqueous solution 
supposed to contain alcohol, some acetate of soda is added and sulphuric 
acid in amount more than sufficient to decompose the acetate. The flask 
containing the mixture is connected with a Liebig’s condenser, placed 
vertically, and boiled for a few minutes; any volatile vapour is condensed, 
and falls back again into the flask. On removing the cork, if acetic ether 
has been product, it can readily be detected by its odour. 

(2.) Bedudion of Ohromie Arid or Bichromate sf Potash to Oxide of 



Gliromimn. —A crystal of chromic acid, placed in a test-tube, with a fluid 
containing alcohol warmed to a boiling temperature, is decomposed into the 
green oxide of chromium. Instead of chromic acid, a test-solution of one 
part of bichromate of potash dissolved in 300 parts of sulphuric acid may 
be used. A portion of the liquid to be tried is mixed with twice its volume 
of concontrated sulphuric acid. On pouring a small quantity of this 
mLvture into a quantity of the test-solution, a deep green is produced where 
one fluid touches the other. This is a very good test in the absence of 
other reducing agents, such as formic acid, other, etc. 

(3.) Dr. MJmimd Damj's Ted. —Dr. Davy has proposed a test for 
alcohol founded on a colour reaction, and produced also by methyl, propyl, 
butyl, .and amyl alcohols, other and aldehyde. A solution of one part of 
molybdic acid in ten of strong sulphuric acid, is warmed in a porcelain 
capsule, and the liquid to bo tested allowed to fall gently on it. If alcohol 
is present, a bhie coloration appears either immediately, or in a few 
moments; the liquid gradually absorbs moisture from the air, and the colour ■ 
disappears, but it may bo reproduced by evajxjration.* 

(4.) The production fird of Acetie Aaid, then of Kakodyl. —A very 
delicate teat for alcohol, and one specially suited for its detection in the 
j,._J)lood, etc., is recommended by Bucheim. 

''vTlie finely-divided substances are put in a tubulated retort, and, if acid, 
carefully neutralised. In the neck of the retort is placed a little porcelain 
' or platinum boat, containing platinum black, and at each end there is a' 
moistened piece of strongly-blued litmus-paper. On warming the retort, if 
alcohol be. present, it is oxidised by the platinum black to aldehyde and 
acetic acid; hence, the hinder piece of litmus-paper will be reddened, the 
front one unchanged. If only a drop of acetic acid be present, it is possible 
to detect it in the following way;—The platinum black is washed, the 
Washing water neutralised with potivsh, and dried after ^Jie addition of a 
few grains of arseuious acid. On warming the dry residue in a small glass 
tube, if even a very small admixture of acetic acid be present, the smell of 
kakodyl will be perceptible. 

(ft.) The Aetum of Almltol on Renxoyl Ghloride. —This test, proposed 
by Berthclot, is based on the fact that very small quantities of alcohol 
decompose benzoyl chloride with the formation of ethyl benzoate. The 
sample b shaken up in the cold with a few drops of benzoyl chloride; any 
ethyl benzoate formed sinks to the bottom with the excess of benzoyl 
chloride. This heavy layer is removed by a pipette, and heated with a 
little caustic soda or potash, which dissolves at once the benzoyl chloride, 
but not the ethyl benzoate, and the latter may be recognised by this 
insolubility, by its general properties, and by its boiling point. It is 
nearly insoluble in water, bums with a smoky flame, has a oharaoteristio 
pleasant odour, and boils at 213° C. 

Mr J. Hardy has proposed a very simple test for the detection of 
alcohol, which may be performed as follows:—Two common ‘Nesslerising’ 
glass cylinders are taken, and a little guaiacum resin, which has been 
removed from the interior of a freshly broken lump, is shaken up with the 
sample to be tested. The liquid is filtered, and a few drops of hydro¬ 
cyanic acid as also a drop of very weak solution of sulphate of copper 

' Proceedingn of the Royal Iriah Academy [2], it, 579-582 j Jtmm. Ohm. Hoc., vit, 
1877, p. 108. Olticstane and Tnbe {Jaurn. Ohem. Soe., Nn. oczUx.)have Bhmrn ti)at 
the tot is unreliable, for the same reaction takes place with anunonium sulphide, aodiun 
sulphite, formic acid, sugar, hud, in fact, with most reducing agents. 



«3ded. Exactly the same process is adopted with an equal bulk of dis¬ 
tilled water. On now placing the two liquids in the glass cylinders side 
by side, over a porcelain plate, the liquid to bo tested, if it contains 
slcohol, will be found of a blue colour decidedly darker than that of the 
distilled water. 

§ 269. Separation of AlcoM from Animal Matters .—In order to 
obtain alcohol from organic matters {e.g., the contents of the stomach, 
or the tissues), the following prooese will l)e found convenient:—Solid 
matters, such as the tissues, are cut up as finely as possible, and placed 
with water in a retort attached to a suitable condenser. Most liquids 
require no previous preparation, and are merely poured iuto the retort or 
Hask, as before described; but it is desirable in the treatment of urine to 
jdd a little tannic acid. About one-third to one-half of the liquid is 
distilled over into a flask closed by a mercury valve. The product is 
now exactly neutralised with deciuormal alkali to fix any volatile acid, 
and again slowly distilled, about one-third teing drawn over. The 
liquid is next neutralised with sulphuric acid, to fix volatile alkalies, 
and redistilled. This final distillate contains all the alcohol, but neither 
volatile acids nor alkalies. The liquid thus obtained may even now 
be too dilute to respond conveniently to tests, and it may therefore 
be digested for some hours with a little caustic lime, and then very 
slowly distilled. The distillate should finally be carefully measur-jd or 
iveighod, and divided into two parts, one of which serves for the applica- 
:ion of the usual tests, the otlier (if alcohol be found) can be oxidised 
,n the manner described at p. 389 and estimated volumetrioally as acetic 
acid. > 

J. Becharop {Compt. Rend., Ixxxix., S73, 574) has succeeded in 
obtaining a suflScient quantity of alcohol from the fresh brain of an 
JX to estimate it by the specific gravity, and has also separated it 
from putrefying animal matter. In fact, it is capable of proof, that 
ill putrefaction is accompanied by the production of minute quantities 
jf alcohol, and that the living cells of the body also produce it. 
Bence, in questions of poisoning, it is not enough to obtain qualita- 
iive reactions for alcohol, but ^e quantity also must be accurately 
Mtimated.* 


Idbutification op Aixx)hols. 

§ 269«. If an attempt is made to separate and ideptify the various 
ilcohols in spirits, the least quantity likely to bo successful is that which 
will yield at least 600 c.c. of absolute alcohol. 

This means about a litre of ordinary spirits; for instance, ordinary 
good whisky will yield per litre just under 1 o.c. of propyl, and the same 
)f butyl and amyl alcohols. 

To obtain the total alcohol in an anhydrous state the neutralised spirit 
ihould be distilled. The distillate is shiien with freshly burned lime and 
redistilled to dryness; this distillate should be digested over recently fused 
wtassic carbonate,, again distilled, the distillate digested oyer night on 

’ Rsjewsfcy has found that tlie brain of a rabbit,'whioh bad been starved for two days 
»fore death, cave a nuirked reaction for alcohol with the iodoform test (| 2C9(i), and 
he same result was obtained from the muscles and tissues of rabbits. He therriorc ooa- 
liders that alcohol always exista in the animal organism, or that it is produced during 
Ustillation .—ArthvtfOr Kg/tiologis, xi., 122,127. 



shavings of metallic calcium, ana finally aistilloa. The result will be an 
alcohol or mixture of alcohols almost anhydrous. 

The product is next fractionated into two fractions: the one, which 
will form the greater bulk, coming over under 80°; the other, oontaiiiiug 
the higher alcohols, and probably not measuring more than a couple of 
c.o. from 500 c.c. of absolute alcohols, coming over above 80°. 

Some of the higher alcohols, especially amyl alcohol, arc more con¬ 
veniently separated by sliaking out with carbon tetrachloride, as in the 
Allcn-Marquardt process (p. 396). 

§ 2695. Identification by the Boiling Poiivt. —‘The boiling point may bo 
taken in the usual way, but if any of the higher alcohols arc separated, 
the latter will probably be in very small quantity; the following method 
will deal with J c.c.;—The boiling tube should be about 7 c.o. long and 
have a diameter of 3 mm.; it must be provided with the following little 
bit of apparatus:—A narrow piece of capillary tube, supported at each 
end, is heated in a flame at quite a short distiuicc from a sealra end until the 
walls soften and fall together; the ctfect is to produce a small bell-shaped 
chamber. The boiling tube is attached to a thermometer in the same way 
as in determining a melting point determination, charged with a few drops 
■jie4.the liquid to be examined; the little capillary with its bell inserted; 
theu'-immersod in a liquid which boils at a fairly high temperature, such 
as su^^-huric acid, and this liquid carefully heated. Single air bubbles 
at first rise from the capillary chamber, and afterwards there is an un¬ 
interrupted flow. The flame is now removed and the liquid allowed 
to cool slowly until it is about to recede into the chamber; the 
moment of recession occurs at the boiling point, temperature of 
which must be noted. The heat is again applied, and a second reading 
taken. If the second reading is identical with the first the substance is 
probably pure; if not, and half the liquid has boon allowotl, to boil away, 
it may be accepted as the boiling point of the chief constituent of the 
mixture. 

The boiling point of some of the substances which may bo found in 
spirits are as follows;—Acetone, 66’6°; methyl alcohol, 66'0°; ethyl 
alcohol, 78'4*; iso-propyl alcohol, 82'8°; tert. butyl alcohol, 82'9°; propyl 
alcohol, 97'4°; sec. butyl alcohol, 99'8°; isobutyl alcohol, 106'f)°; N-butyl 
alcohol, 117°; active amyl alcohol, 128'7°; iso-amyl alcohol, 130°; N-ainyl 
alcohol, 137'8°; furfural, 162°. 

§ 269c. Ideidifimtinn by the Syeaifie Gravity. —The specific gravity of 
liquids in quantities of from 10 c.c. upwards may be taken in the usual 
sp. gr. flasks, but smaller quantities require S[iecial apparatus. The 
specific gravity of less than 1 c.c. of a liquid may be taken correctly to 
the third decimal place by means of a pihuometer, formed from a thick- 
waited tube with capillary bore bent into a U shape, and the ends of the 
U again bent almost at right angles, in such a way that one limb is 
slightly huger than the other; the shorter limb is drawn out into a 
capillary point, and a mark made on the longer limb just below an 
imaginary horisontal line joining the mark and the capillary point. The 
U tube is standardised by'water in the usual way. 

A second method is to take the gravity in a 1 c.c. pipette provided 
with a recipient tube. .The pipette is standardised by weighing the 
pipette with its attached recipient tube, then drawing up water to the 
mark at the desired temperature, and again weighing. 

DurioK the weighine.'the water, of course, runs into the recipient tube. 
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Should the temperature required be 10” the weight of water for a 1 c.c. 
pipette should be 0'991, and the best way to standardise the pipette is to 
gum a strip of mm. paper to the stem and mate two weighings with water 
10 mm. apart, thus taking on the one hand a little above the true 
quantity, and on the other a little below. To ascertain the true mark, on 
the assumption that the stem of the pipette is cylindrical, the following is 
an example of the calculation. Supiiosiug the oue weight is T0222, the 
other 0'9930, and the weight required 999; 


1 - 022 ^ 

i'0222- 


^ 9 ^ 

0'9930 


X 10 = 7'9 mm. 


The stem is therefore marked 7'9 mm. below the upper mark. Then 
the weight of any liquid having the same volume at 15° will be the 
number expressing its specific gravity at 

§ 269(i! Production of Iodoform .—The mixture of anhydrous alcohols is 
diluted so as to make a lO per cent, solution in water. 

A C.C. of this solution is put into a test tube, 0’2 c.c. of a 10 per cent, 
solution of sodium hydroxide added, and theu a concentrated solution of 
iodine in such proportion that there is a faint tinge of yellow persisting o,, 
standing. The mixture is allowed to stand two minutes and then observed. 
In the cold, isoproj)yl and acetone give good precipitates at once of 
iodoform; secondary butyl alcohol, more slowly; but methyl, ethyl, propyl, 
isobutyl, tertiary butyl, isoamyl and allyl alcohols give no prixipiMai 
untler the ahove eomlitiorts. On heating the mixture to 60° and maintoining 
it at this temperature for one minute, ethyl alcohol gives a good precipi¬ 
tate, allyl a scanty one, the other compounds none within the time 
limit.' 

§ 269e. Conversion into di-nitrohenzoaies .—Certain of the alcohols may 
be identified by conversion into di-iiitrobenzoates. 



Propyl di-iiitrobeuzoate melts at about . 

. 73-0° 


Iso-butyl ,, ,, 

83' 


Ethyl 

. 92-98° 


Methyl „ 

. . . 107-O" 


N-butyl „ „ 

. . . 64° 


The method of forming the compound is as follows®:—0'016 grm. of 
3-5 di-nitrobenzoio acid and 0’20 grm. pbosphorio pentachloride are 
heated togeth|^ over a small fiame in a test tube; when signs of chemical 
action are Seen the tube is removed from the source of heat for a few 
seconds. Then it is heated again and boiled very gently for a minute, the 
result of the reaction being poured into a watch-glass. When cold, the 
excess of pentachlorido is removed by rubbing between two bits of porous 
tile. 

The powder thus prepared is placed in a dry test tube, and four drops 
of ethyl or methyl alcohol added ; or, if the mixture is believed to be that 
of higher alcohols, six drops; the alcohol must be in slight excess. The 
tube with its contents is stoppered, and heated to from 75*-85° for ten 

' TAs Tdetiiificaiim cf Pure Orgtmie Compimnds. S. P. Mulliken, New York, 1904, 

• Qp. cit. 






minutes. The resulting ester is dissolved out by a solvent, such as methyl 
or ethyl alcohol, ethyl alcohol being used for all save ethyl di-nitrobonsoate, 
for which it is necessary to use methyl alcohol. The amount of the 
solvent added should not be large, 10-15 c.c. The liquid is boiled and 
filtered, the filtrate being cooled down nearly to freezing point, and washed 
with a very little of the ice-cold solvent. It may be rccrystallised by 
re solution and freezing out. 

§ 269/ Improfiyl alcohol may be identified by ozidising it to acetone, 
and condensing the acetone formed to di-benzelidine acetone. About 
'4 c.c. of the alcohol is put into a small distilling flask, and '3 o.c. 
of an oxidising solution added, composed of 1 grm. chromic anhydride, 
6 o.c. of water and 0‘8 c.o. of concentrated sulphuric acid; oork 
immediately, and cool the bulb. Conduct the vapours into a tost tube 
containing ’4 o.c. of water, '4 c.c. of beuzaldehyde, and 2 c.c. of absolute 
alcohol. The contents of tho flask are boiled until nearly dry. To the 
distillate add 0 6 c.c. of 10 per cent, soda solution, and boil very gently 
for one minute. Cool, and shake vigorously, adding from one to four 
drops of water, if necessary, to start the crystallisation. Filter and 
^wash with ’5 o.c. of cold alcohol. Press on a porous tile and dry for 
■"iPfteen minutes at a temperature not exceeding 100° {MulUlcm). The 
crystals should be in the form of pale yellow lustrous plates melting at 
• 111-0“'to 112-0°. 

§ 269(/. OxitJalion Pioduda .—A method worked out in the author’s 
laboratory that ntay bo of use in helping to identify some of the common 
alcohols present in liquids is one that depends upon the reactions of 
zirconium tetrachloride and mercuric chloride with the acid oxidation 
products of the alcohols. 

With cold dilute solutions of either formic or acetic acid, ZrCl^ solution 
gives no visible sigl of reaction; thotigb, on boiling, the acetic acid solution 
often shows signs of frothiness. 

A moderately weak propionic acid solution, on the other band, gives on 
slight shaking au immediate but non-permanent froth; on boiling, a very 
slight milkiness is at once shown, and the froth is now permanent (that is 
to say, will usually last several minutes). 

'I’he ZrCl^ solution with butyric acid (6 to 10 per cent.) will give an 
immediate permanent froth, and on boiling, a bulky precipitate. 

Valerianic acid and ZrGl^ solutions behave much the same, there 
being a well-marked froth in the cold, and an immediate precipitate on 
boiling. 

If, now, a butyric acid solution be boiled with some HgClj no apparent 
change takes place, but valerianic acid, on the other hand, treated in the 
same way, immediately becomes a dirty yellow in colour, and on standing 
a yellow precipitate is found. 

§ 269A. Identification by Means of Ihe Silver ScUts of the Volatile AcuU. 
—By a combination of fractional distillation and an oxidation with chromic 
acid mixture of the successive fractions it is possible also to identify 
alcohols by a determination of the silver in the silver salts which may be 
formed from the volatile fatty acids. 

The way to do this is to prepare an oxidjsing mixture by dissolving 
10 grms. of chromic acid in a mixture of 60 o.o. of water and 8 0 . 0 . of 
sulphurio acid. Mulliken suggests that the amount of mixture required 
for oxidation may be estimated by assuming that each o.c. contains *05 grm. 
of ‘available oxygen,’ and that the reaction proceeds according to the 



vwx/o , 


»ai!iiK'«i3yM.i>(«ITrOIf AND ASAttOTs; 


attached to a rovew 

Snril thf T'' “.(('^"“d-glass joint The mixture ia boHed hriskl 

oStt T- <^rn2^n rf th' 

25 on nt ° ," 1 *“'^ 18 distilled until only a few c.e. remain in the flask 

distmatcsarTtlted S"Ssihe'r Sr!^r:eakt“''?^ 

f. )■?_!"' ^ ““'“i»■ 



--- 

100 Parta of Water dlmolve 


Per cent. Ag. 

At 20'. 
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4’07 

1 04 

2-62 

» propioiistc, .... 

69-87 

0-84 

2-0.'> 

„ butyrate. 

65'38 

0-48 

1-14 

>, isobutyrato,. 
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0-30 

0-64 at 70” 
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the vapour is an exact measure oi the strength of the alcohol. The bulb 
of a thermometer is put (on the small scale) into a flask with a bilateral 
tube, and the temperature of the vapour carefully noted. The following 
table (XLI.) may be used ;— 


TABLE XLI.— Showimo tbk Contknt of Etuvl Alooiioo bv Voi.umk of 
B oil.mo SpiBtTS AND of THETK VaPODK, FllOM THE TeMI’EBATOHE of the 
Lattkb, as Obskuvei) by a TiiEBHOMETEn. By Geokino. 


Temperaturo 
of the 
Vapour 
<K.). 

Ethfl 
Alcohol in 
the 

Per cent. 

Ethyl 
Alcohol in 
the Boiling 
Liquid. 

Per cent. 

Temperature 
of the 
Va|K>wr 
(K.). 

Ethyl 
Alcohol ill 
thcDUUIIato. 
Poi' cent. 

Ethyl 
Alcohol in 
tlie liolling 
Llquhl. 

Per cent. 

170-0 

93 

92 

189-8 

71 

20 

171-8 

92 

90 

192-0 

68 

IS 

17-i-O 

n 

8.6 

1»4*0 

06 

15 

172-8 

m 

80 

198-4 

61 

12 

174-0 


75 

198-6 

65 

10 

174-a 

89 

70 

201-0 

60 

7 

176*0 

87 

65 

203-0 

42 

5 

178-8 

86 

50 

20:»*4 

36 

3 


82 

40 

207-7 

28 

2 

188-0 

80 

35 

210-0 

13 

1 

186-0 

78 

30 

212-0 

0 


187-4 

78 

25 





I* 

The boiling-point is also a useful guide; for within certain limits the 
boiling-point of liquids containing alcohol is not materially altered by 
admixture with saline and organic matter. A thermometer jjith a movable 
scale is employed. Before using it, the thermometer is immersed in boiling 
distilled water, and the 100° [212° Fahr.] of the scale accurately adjusted 
to the level of the mercury ; it is then ready for an operation of several 
hours, or even an entire day, if no considerable variations of atmospheric 

F ressnre are experienced. The minimum lioiling-point 78°’174 C. 
172*‘7 F.] of an aqueous ethyl alcohol corresponds to 96 per cent, by 
weight of alcohol, absolute alcohol being 78°'3 C. [172°’9 F.]. 


TABLE XLII.—Eihibitiho the Boilino-Pointh of Aioohol ah« 
Watfjj of tiik Given Stbenuths. By GkOnino, 


Botli^^^nt 

Alcohol 

percent. 

perVolnme. 

BoUi^^'potnt 

Alcohol 
per cent, 
per Volnme. 

206-84 

6 

179-96 

66 

199-22 

10 

179-42 

60 

195-80 

16 

178-70 

66 

192-38 

20 

177-82 

70 

189-60 • 

25 

176-64 

76 

18716 

30 

176-46 

80 

186-00 

85 

174-92 

85 

183-38 

40 


90 

182-12 

46 

17814 

96 

181318 

50 

172-90 

100 











”386* SOiiua ; misiK uomposition and analysis, L§ 271. 

Tho methods used in the Municipal Laboratory, Paris, for the analysis 
of alcohols were until recently considered the most practical and the 
easiest to apply to the small quantities of alcohols submitted to an analyst 
under the Sale of Food and Drugs Act, but English analysts have thrown 
doubt on the accuracy of the colorimetric estimations. 

The estimations of the higher alcohols, of aldehydes, of furfurol, and 
TO f^h, are to a great extent determined by colour reactions, tho alcohol 
to be tested being always brought to the definite strength of 60“; 
by this device variations in colour, owing to varying strengths of alcohol 
are avoided. ./op , 

The French chemists estimate the followingAlcohol- (2) 
acidity expressing it as acetic acid; (3.) aldehydes; (4.) ethers, returning 
the ethers os ethyl acetate; (6.) higher alcohols, returning them as 
isobutylic alcohol; and (6.) bases. 

The scope and character of such an an.ilysis may be gathered from the 
following example of tho analysis of a sample of brandy 


BkANDY MAIIK VllOM WiNE, 


Sp. gr. atl6°0., . 

Alcohol, percent, (voluiii ). . 
Extract, per litre, . 

Sugars ! ?»<»b“ 08 e, per litre, 

(Inverted sugar, per litre, 
Coloul'. 


. 0*9414 

. 48-2 

• 12*64 gTras, 

• 8*2 ,, 

•. 3-7 .. 

Tannin and cai’amd. 



Acidity, as acetic acid, 

Aldehydes, as acetic aldehyde, . 

Furfurol,. 

Ethers, expressed as ethyl acetate, 
fligher alcohols, expiessed as iso 
butylic alcohol, 

Kawfi / Ammonia, amides, 

\ Alkaloids, ]>yridinc bases, etc 


Coefficient of impurities, per cent, of 
almulute alcohol, .... 


Grammes. PropoHlon 

-of each 

« vsa Imparity, 

lor Litre Percent, of percent, of 
of AbaoUito Total 

Brandy. Alcohol. Impurity. 



0*0056 I o-oon 


0*2162 100*00 


c / examination of alcoholic liquors, one of the analyst’s 

firat step 18 to determine the percentage of alcohol, and the methods bv 
which this IS done are equally applicable (with slight modifications) to all 
liquids coutainiDg alcohol. The peroontage is ascertained-- 

\ ’I?*;'®". specific gravity of the distUIate. 

Si method, applied especially to wines and beers. 

(3.) By Geisslers vaporimeter. 

(4.) By determination of the refractive index. 

(6.) By oxidation into acetic acid, and by several other methods, which 
are, however + 1 *'' —a ^ 
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§ 271.J 

(1.) Diitillation. —A convenient quantity {e..g., 100 o.o. ol beer or 
wine, 60 c.c. of spirits, measured at 16°‘6 C.) is placed in a flask (a, fig. 62), 
having an angle tube connected by means of a cork to a Liebig’s condenser. 
Tlio distillate is received in a flask (li) provided with a doubly perforated 
cork, into which the bout tube of the condenser, as well as a tube 
provided with a mercury valve, to prevent loss, is adjusted; the latter 
may be readily made by putting a very small quantity of mercury into 
the bend of an ordinary thistle-head funnel (r). This precaution is only 
necessary when very small quantities arc operated upon. Experiments 
with 60 c.c. of spirit distilled into a flask unprovided witli a valve, have 
shown that there is no appreciable loss; but distillation into an ojjcn 
vessel will always give results far too low. Beer and wine yield the whole 
of their alcohol when half is drawn over; spirits should be distilled nearly 
to dryness. In any case, the distillate should be made up to exactly the 
same bulk as the original liquid at tlic same tcmjieratnre, its specific 
gravity taken in a proper specific gravity bottle, and the percentage of 



alcohol obtained by reference to the tables given at p. .3H0 et sej. Spirits 
are best returned as containing so ranchpruo/Kjdrit, by volume; wines and 
beers, so much alcohol per cent., by weight and by volume. 

(2.) Taham's method, when jnoperly prfotmed, is suflBciently accurate 
for all practical purposes in the case of beers, wines, and similar liquids. 
The specific gravity is first accurately taken at 16°‘6; a measured quantity 
—say 100 C.O. —is then boiled long enough to evaporate away the whole of 
the alcohol, made up to the original bulk at the same temperature, and its 
specific gravity again determined. Prom these data the specific gravity of 
the liquid, which, if it had been condensed, would have collected in the 
flask before-mentioned, is determined. Thus, specific gravity of the liquid 
before boiling, divided by the specific gravity o.' the de-alcoholised liquid = 
specific gravity of the dilute alcohol which has been boiled away. An 
actual example will suffice:—A beer, before boiling, had a specific gravity 
of 1'014; after boiling, and on making it up to the original bulk, its 
specific gravity was IKllTfl; now “ ‘9968, and on reference to the 
table at p. 380, ’9968 is found to correspond to 1-7 per cent, of alcohol. 

(3.) Oeissl^s Vaponmeter is capable of giving sufficiently accurate 
results for technical putqmses, and as it has the advantage of great expedi- 





tion, it may always be used to supjdement and check other methods which 
bake more time. It dejKJuds on the measurement of the tension or elastic 
Force of the vaiwur of the liijuid, as indicated by the height to which it 
raises a column of mercury. Tlio apparatus (sec fig. 63) consists of four 
parts—viz., (1.) A brass vessel A, containing water; 
(2.) a doubly bent tube, BB, fastened to a scale; 
(3.) a cylindrical vessel 0, which is filled with 
mercury and the fluid to bo tcstcsl; (4.) a brass 
vessel I), in the upper javrt of which there is a 
thermometer. By removing the bent tube and its 
connections from A, it may be turned upside down, 
and C detached; the alcoholic fluid is then poured 
in so as to till the spiice between c and d, whieh, 
when the Instrument is inverted, is empty. It i.s 
now connected with the bent tube, and adjusted 
exactly as in the figure, the water madj^^jfcboil in A, 
when the mercury runs up to a cor^^ieight in 
the tube, and the percentage is dire^^ead from 
the scale. Should the thcrraomete^inot register 
100°, certain corrections must bo which is 
most conveniently done by a table, field with the 
instrument. Care must always be tafcSn to exclude 
air from the bnlb. 'ITie senior author has found 
it alw.ays necessary to test various points of the 
scale with known mixtures of alcohol and water, 
and to draw up a table of correctionk With 
this precaution, it will be found a most useful 
instrument. 

(4.) Estimation of Alcohol by Valuation of the Itefractive Index. —This is 
an ejoellent and rapid method of valuation of etliyl alcohol, and can be 
applj^ to a distillate or to spirit or to wine. 

The method of applying the refraction method to spirit or wine is based 
on the following principles:— 

* The refractive index of a liquid containing water, alcohol, and extract 
IB derived from the indices of refraction of the water, alcohol, and extoact. 
Let these be denoted r^peotively by a, b, e. Taking N as the index of 
refraction of the mixture, then obviously N = o+J + c. 

If the liquid is freed from alcohol by distillation or evaporation, then 
the refractive index N - (a + c) = 6, the index of refrao^on of the alcohol. 

■ If, again, the index of refraction of distilled water be subtracted from the 
index found by experiment of the alcohol-free dilute extract and the amount 
of increase of refraction has boon ascertained that 1 grm. per cent, of 
extract produces, the extract con also be estimated. In other words, by two 
observations on, first, the index of refraction of an alcoholic liquid, and, 
sewndly, a determination of the same liquid freed from water, it is practical 
and easy to determine alcohol, water, extract- 

E. Itiegler* by a number of experiments has proved that wdth regard 
to wine 1 grm. of extract in 100 c.c. of wine increases the refractive index 
by O-OOHfi. 

Similarly 1 grm. of alcohol per 100 c.o. of wine increases the 
above that of the extract sdution by 0'00068. 



1 Aloohols u. Extraetes im Weino anf optisohen Wem,’ 

Prot Dii ^ Riogleri ZMUthrift <maliftisch» OhimiCf 1898, 2J, 




For example— 


The refraction index of a wine was found to be 1-34105 
„ alcohol-free extract, . . 1'33550 


Difference = ‘00555 

•00556 

then '00008 = 8’1617 alcohol per cent 

Similarly, 

the index of refraction of the alcohol-free extract was 1-33650 
Subtract index for distilled water, . 1‘33363 


•00287 


Difference = '00287 


then '00145 = 1'9793 grms. extract per cent. 

■''iTlw amount of extract and alcohol in wines determined by the ordinal 
TocesS^ do not differ materially from those determined by the optic 
iethods.\ 

The deijails of the operation itself are simple. 25 c.c. of an alcoholie 
quid are plaeed in a Pulfrich’s refraotometer or in a hollow prism 
nd obse-wed through a spectrometer, the temperature taken aud the 
edex calculated in the usual way; next, the alcohol is evaporated away 
ly reducing the liquid to a third of its volume and again made up 
n exactly the same bulk and brought to the same tempemture as the 
rigiual liquid and the index of refraction again determinea in the above 
aloulation. 

Joseph Race {Joum. Soe. Chm. Indvd., ixvii.) has studied the method 
f Riogler as applied to ordinary spirits and has obtained good results. He 
akes the refractive index of water at 15’'5 as 1‘3336, which is correct for 
aost of the refraotometers in the market, the scale being adjusted so as to 
jve that refraction. If, however, a speotrometer is used the true refrae- 
ion for water will be nearer 1*3323, for Gladstone and Dale give as a 
esult of their very exact experiments the following refractions of water: 
I*, 1-333; 10”'0, 1-3327; 20”, 1'332; 30”, 1'3809; between 10” and 30” 
here is an average difference of -00009 for each Centigrade degree. The 
able gives the results of Mr. Race’s determinations of mixtures of alcohol 
nd water at 15°-6 with an immersion r^ractometer. 

If a equals the refractive index due to alcohol and water; !t = the 
efractive index of spirit; *=refractive index of water; y=refrao 
ive index of extract; then a=x-(y-z). The percentage of alcohol 
3 then found by taking the proportionate mean between two suitable 
igures in the table. Since the increase in refraction due to the extract 
n the case of spirits is sddom more than -0011, the alcoholic strength 
if a spirit can be obtained approximately by submitia^ the sample 
lireot, the only precaution necessary being to mainbun the pro^r 
lemperature. 

. (6.) Oxidation titfo deefic Aeid is a method of determining vinic. 
ilcohol specially applicable to emall quantitiee, but li|tle used, 



Tablk of Rbfuaotivk Indioks for Aicohol and 
Water. (Joseph Race,) 


Aioohol- 
pcr tiotrt. 
by Weight. 


1 

2 

3 

4 
6 
a 

7 

8 
9 

10 

11 

12 

IS 

14 

15 

16 

17 

18 

19 

20 
21 
22 
28 
24 
26 
26 

27 

28 
29 
SO 
91 
32 
S3 
34 
85 

36 

37 

38 

39 

40 

41 

42 

43 

44 
46 

46 

47 

48 
46 
60 


Kefroctlve 

luOex. 


1-33398 

•34462 

•33612 

•33677 

•33645 

•83714 

•38785 

•33856 

•33928 

•34001 

•34074 

•84146 

•34‘219 

•34-293 

•34368 

-34443 

•34617 

•34691 

•34664 

•34737 

•34811 

•84890 

•34664 

•35038 

•86112 

•35186 

•36268 

•35330 

•36401 

-•35471 

•36538 

•35601 

•86656 

•36711 

•35767 

•35801 

•86848 

•35886 

•86923 

•36980 

-35666 

•36032 

•86087 

•36012 

•36136 

•86180 

•86218 

•86246 

•86276 

•36308 


Alcohol 
per cfiit. 
by Weight. 

Eefracttye 

Index. 

61 

1-36334 

62 

*a6358 

53 

‘36380 

64 

•86401 

65 

•36421 

56 

*36440 

57 

•30468 

68 

•36476 

59 

•36491 

60 

'36506 

61 

•36620 

62 

•36684 

63 

•86548 

64 

•36661 

65 

•36578 

66 

•36585 

67 

•36597 

68 

-36608 

89 

•36618 

70 

•36629 

71 

•36639 

72 

•36646 

78 

•36669 

74 

•36667 , 

76 

•36676 

76 

•36681 

77 

•36686 

78 

-36686 . 

79 ■ 

•36681 

80 

•3667S 

81 

*36668 1 

82 

-36660 

83 

•86662 a 

84 

•36643 , 

86 

•86634 f 

86 

•36626 

87 

•86616 

88 

•36607 

89 

■88598 

60 

-86589 

. 91 

-36679 

92 

•86567 

93 

•36654 

94 

■86639 

95 

■86624 

66 

■36609 

97 

■86494 

98 

■36478 

99 

■84461 

100 

■86444 


> exiihido 
•las found 
.its of the 
and water, 
liih. W 



§ 272. Methylie Aleokol .—100 o.o. of the suspected spirit are dis¬ 
tilled twice, having been rendered alkaline during the first process 
ind acid during the second, about two-thirds being distilled over each 
time. The distillate is now shaken up with dry potassium carlwnate, 
md, after standing over night, the upper layer is taken off by a syphon 
ar pipette, and again twice distilled, about 15 c.o. being driven over. 
This will contain any methylie alcohol present in the original 100 o.c. 
A. portion of the distillate is now diluted with water to a strength 
from 10 to 15 per cent., and in this diluted spirit the alcohol deter¬ 
mined—(1.) By specific gravity; (2.) by Geissler's vaporimetor'; and 
(3.) by oxidation into acetic acid. If ethylio alcohol alone is present, 
all three methods fairly agree. The specific gravity will give tlio total 
amount of both alcohols, the specific gravity of aqueous methylie and 
ethylio alcohols being almost identical; but since methylie alcohol 
has a higher vapour tension than ethylio, Geissler’s vaporimeter will 
give a higher result. The oxidation process will, on the other hand, 

give a lower result, for methylie alcohol yields water and Of 
30 that the acetic acid found is derived wholly from the cthylic 
alcohol, and the difference between the strength thus found and 
th|.t derived from the specific gravity gives a rough indication of 

--Proportion of methylie alcohol present. If the methylie alcohol 
processesjeient quantity, instead of the usual slight vacuum on ojiening 
methods, there is an escape of carbonic anhydride, and there is no 

The detr this gas should not be either absorbed or collected and 
liouid are ' 

Dr. Dhprd gives the following example. A pure whisky showed— 


Strength by spedlic gravity, 
„ Vaporimeter, 

„ Oxidation, . 


9'83 per cent. 
9-75 

9-76 „ 


The same whisky, adulterated with 10 per cent, of ordinary methylated 
spirit, and tested, gave— 


Strength by specifio gravity, . . . lO'OS per cent 

„ Vaporimeter, . . . 10’46 „ 

„ Oxidation.9'60“ „ 

The remainder of the distillate may be.used in producing methyl-aniline 
violet or oxalate of methyl. 

The general process for the production of methyl-aniline violet is as 
follows10 0 . 0 . of alcohol, with 15 grms. of iodine and 2 grms. of red 
phosphorus, are put into a small flask, and distilled into 30 or 40 c.c. of 
water. Toe alcoholic iodide which settles to the bottom is separated by a 
pipette, and collected in a flask containing 5 ao. of aniline. If the action be 


• Hehner has rsised a doubt as to the usefulness of the vaporimeter for the 
quantitative estimation of methylie alcohol; in the oxidation pi-ucess he prefers to 
estimate the quantity of chromate reduced rather than the aoetio vAi.~Analyit, 

lJirto*on the Examination pf Whisky and other Spirits for Methylated Spirit and 
Vmraal on. hv Dr. Dni>r<_ AiusliM. i. 1878. p. 4. 



too violent, the flask can be cooled with cold water; if too slow, a little 
heating may be necessary. At the end of an hour the crystals are dissolved 
in hot water and boiled, an alkaline solution is afterwards added, and the 
bases rise to the top in the form of an oily stratum, which may be separated 
by bringing the oil, by the addition of water, on a level with the nock of 
the flask. The oxidation of the bases may be effected in various ways, but 
best by pouring a cubic centimetre of the oily liquid on 10 gnus, of a 
mixture formed of 100 grms. of quartz sand, 2 of chloride of s^ium, and 
3 of nitrate of copper. After incorporation it is introduced into a glass 
tube, and kept at 90“ 0. in a water-bath for eight or ten hours; it is 
ultimately exhausted by warm alcohol, thrown on a filter, and made up to 
100 o.c. If the alcohol was pure the tint is red; if it contained 1 pur cent, 
of methyl alcohol the colour, by the side of the preceding, is manifestly 
violet; with 2'5 per cent, the shade.is a very distinct violet; and with 5 
per cent, it is considerably darker. The process may be mode (juaiititativo 
by having volumetric solutions of methyl and ordinary alcohol. Very 
miu|fc quantities of methyl alcohol may bo detected by adding c.o. of 
tli^Hp to 95 c.c. of water, and then again diluting 5 c c. of this liquid 
wi^H0|^. of water, and heating it in a porcelain capsule. Fragments 
of BBte TOerino (free from sulphur), immersed in the liquid for half an 
IxaKwill remain white, if the alcohol was pure; if methyl was p^^scht, 
thePmll be of a violet tint.* 

Oxalate of Methyl may be obtained by mixing the distillate with half 
its bulk of sulphuric acid and double the quantity of hydropotassio oxalate. 
The whole should stand in the retort for twenty-four hours, and then bo 
distilled. Crystals appear after a time in the cooler parts of the flasic or 
retort; their composition is (Ciy^CjO,. It would also bo quite possible 
to produce such compounds as the salicylate of methyl, etc.^ 

Forinin AM .—It has been already stated that methyl alcohol, when 
fully oxidised, is resolved into CO, and water. This takes place in two 
stages; first, formic acid is produced, imd then this formic acid breaks up. 
Thus 


(I.) Methyl Alcohol, 
CH^O+O, 

(2.) Kormic Aciu, 
2CH,0,-hOs 


Formic Acid. 
011,0,+HaO 

2C0,+2H,0 


. It hence follows that if a spirit bq distilled in the manner recommended 
by Dr. Dupr4, and ollfe partWly oxidised, it is possible to get formic acid, 
which has some very MUuracteristiC properties. To obtain this result a 
small portion of the distillate, 2 to 4 c.c., is taken, and 3 grms. of potassic 
bichromate arc added, witih an eqiial quantity of pure sulphuric acid, and 
' four or five times as much water. This is allowed to act for twenty minutes, 
and then distilled; the liquid is alkalised with sodium carbonate, evaporated 
to half its bulk, acidulated with, acetic acid, transferred to a test-tube, and 
then heated gently with a 6 per cent, solution of nitrate of silver. If 

* A. Riche and Brady, OompUa SenA/ut, voL x«., p. 1098. 

* For the detection m methyl alcohpl in ethyl edoohcl. Van de Vivate (CAetn. Cmtfil ., 
1881, 89) emulays the property poaseeacd by methyl alcohol of forming a oompound with 
calcium chlotme, which is not .aecompoeed at 100' u, hut is decomposed by the additidn <4 
water; the alcohol is distilled from anhydrone potato carhenate, and tnevolnme ofthe 
distillate determined. A portion is then allowed to nanaiu over an eqaal weS(^t ol . 
anhydrone calcium chloride fmr Ot hourit' %e‘ eriiy] alcohol is then disUled off. The 
reaidne When trested with water and dismted Yields a ittixthm lA nuthvl alcohol and-' 
water. 



formic acid has been prodaoed, there is a distinct precipitate of metallio 
silver. 

Triliat' identifies methyl alcohol as followsA quantity of a distillate 
corresponding ^ 10 c.c. of absolute alcohol is diluted to 160 o.o. and miTwl 
with 70c.c. of diluted H.^SO^ (1:6) and 16 grms. of potassio bichromate; 
this is shaken for twenty minutes, distilied, the first 25 c.c. of the distiilate 
being rejected, then 100 c.o. of the distillate collected. 50 e.o. of this are 
mixed with 1 o.o. of dimethyl aniline in a fiask with ground stopper, and 
this is placed in a water-bath at 70-80" G. for three hours. The liquid is 
now alkalised with NaOH and 26 c.c. distilled over; the distillate contains 
all the free dimethyl aniline. The residue in the flask is acidified with 
acetic acid and a few c.o. tested in a test-tube for methyl alcohol by adding 
a tew drops of water with lead dioxide in suspension; if present, a blue 
colour is produced. The test can be made quantitative by imitating the 
coloiur by mixing the reagent with known quantities of diluted methyl 
alcohol. 

Lama’ Method of Estimating Methyl Alcohol in Ethylic Alcohol. —The 
alcohols are' converted into iodides by treating 25 c.c. of the alcohc^ with 
^5 griM. of amorphous phosphorus and 40 grms. of iodine; when the 
r<!Wtion is over the liquid is distilled; the distillate is first washed with 
weak NjiOH solution, then with water, and finally dried by calcic chloride 
(the speoifio gravity of Mel = 1-944, that of EtI = 2-2677). Thespooifio 
gravity is now taken, and the amount of methyl deduced by the aid of tables 
given iu the original paper {Z«U. angmo. Chem., 1898, 126-130). 

Acidify of Alcohols, —A definite quantity of alcohol is coloured by 
phenol-phthalcin, and decinormal soda dropped in until the liquid is 
neutral, the result may be expressed as acetic acid. 

AldcJiydes, —Aldehydes are detected by a solution of fucfistne made as 
followsBisulphite of soda solution (sp. gr. 1-3082), 100 c.c.; aqueous 
sol ution of fuchsine (1 per 1000), 160 c.o.; pure sulphuric acid (66 per cent.), 
16 e.c.; the whole made up to a litre with distilled water. 4 c.o. of this test 
solution are added to 10 o.o. of a distillate; should aldehyde be present, a 
red colour is almost immediately produced, attaining its maximum in twenty 
Mnutos. To estimate the quantity, a distillate is taken and diluted until 
it contains 60 per cent, of alcohol, or the distillate may be fortified with 
pure alcohol until it is of the strength mentioned. The colour is now 
produced by the test, and the colour imitated by adding the same test to 
alcohol of 60 per cent, containing 0-050 grm. per litre of acetic.anhydride. 

Eurfuroi .—Furfurol may be detected by a number of reactions; one 
of the most sensitive is the red colour prcduced by the addition of an 
alcoholic solution of o-naphthol and a verj^ittle strong sulphuric acid. The 
French chemists ratimate furfuroi by the tint produced by acetate of aniline 
•in a fiirfuroi-hblding liquid, as oompar^ with the tint produced by adding 
ix) pure ahfehob'of 60 per cent, a solution of furfuroi in alcohol of the same 
strength, .each litre of which contains 6 mgrms. of furfurol. It may also be 
esthnat^ by qhaatitaUfe MWtroscopy. La both of these methods, since 
the mimsqn '^lou^ caused ‘by aniline acetate darkens by time, tdie 
observations must be made always exactly the same time after the addj.tipn<> 
of the reagent . 

j4fl8<i»M.-^Ap^o m^be^iind in spirita. Its boilmgfpoiut is 66*-6 0.J 
ec^that It will ^ found,'If preseUt, iniihe first ^liwtion of a dttiaiattSu;' 
Itgivw (die usual ^etion^4at^ l%*sat ta^Ure .fee ferW 
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A special apparatus is absolutely necessary for the process. This is 
simply a cylindrical vessel (see fig. 64) surmounted by a globular reservoir. 
The lower bulb is of a capacity of 19'6 c.c.; the tube is 18‘6 c.o. long, with 
graduations from 19 c.c. to 22'5 c.c., divided into o.c., and 
the divisions are I'S mm. apart, which permits the appreciation 
of Ywff 0 . 0 .; the reservoir is of from 200 to 250 o.c. capacity, 
and altogether the whole apparatus measures 39 cm. 

20 C.O. of chloroform are placed in the apparatus, all the 
measurements being made at 15“ C.j the meniscus of the 
chloroform ought, if 20 c.c. be used, to reach at this tempera¬ 
ture the lower division of the scale; 100 cat. of alcohol are then 
added, and 1 o.c. of sulphuric acid (sp. gr. 1'2867). The 
mixture is shaken in the perfectly corked apparatus a definite 
number of times; according-, to M. Sell it is necessary to 
shake 160 times. In the Borne laboratory this is done by 
machinery, so that each sample is submitted rigorously to the 
same amount of shaking. The volume of chloroform is road 
after the apparatus has been allowed to rest for some time. 

Pure alcohol of the same strength is submitted to the same 
*^ 0 «e^s, and the difference between the two is reckoned as 
fousel'oil or amylio alcohol; im augmentation of volume of 
O'Ol is equal to a proportion of 0’006631 per cent, of amylic 
alcohol. 

Savalle’e Method of Ateertaining and EdinmUng the 
Imimritim in Alcohol .—This process depends on the varying pm. g 4 _ 
tints alcohols take when treated with pure sulphuric acid. 

10 c.c. of alcohol are put in a flask with 10 o.c. of pure sulphuric acid; 
the mixture is heated just to ebullition; when the liquid cofhmences to 
boil — in fact, immediately the first bubble is seen — the process is 
stopped afid the mixture transferred to a glass prism (the faces of 
which are at an angle of 2°‘5), and allowed to cool; the nnljnp prodnoed 
is compared with a series of coloured glass slips which by superpositidlf 
form a chromatic scale from 1“ to 16”. The process is stated to be 
useful, but, as the colour produced with various alcohols is different, 
and since the colour is also dependent on the alcoholic strength, it has 
only a comparative value. To meet the last objection to the process 
it is recommended to always bring the alcohol operated upon to 50 
per cent. 

With a uniform strength of 60 per cent, the degrees of colour expressed 
in Savalle’s scale for 1 o.c. per litre of the following alcohols are thus;— 



Alcoboli. 

Aldehydes. 

Ethen. 

Capiylio, . ..7 

Isobntylio,. . .6 

ffinaa&ylic, . . 4 

Amylic, . , .2 

Fropylie, . . , 0 

laopropylio, .' .0 

Hormiu im^lic,, . 0 

Metbyllo, . . . 0 

Olye^,.. . ■ 0 

7'',“' . ‘I'l .-ai- 

Furfural, Int 
IsobuWic, 
Faraioehyde, 
Propionic, 
(Enanthylic, 
Valeriame, 
Ethylio, . 
'UemyisI,, 
A^tal, . 
ButyiiOi . 

ease black. 

. « 

. 8 
. » 

. 6 . 

. 6 
• S-6 
. 2«. 

. Iff 
, 0. 

r. . J.. .a.;. 

Amyl acetate, . . S'O 

Ethyl acetate, . . 0 

Ethyl propionate and 
o&er ethers, . 0 


if tv . . ,. - . '. . '■ —i -i-—-1-— 







90 ■: FOODS: their -composition and ANAtYSis. . |_s Zifa;*': 

The method used by Saglier is essentially a modifioatiou of Savalle's 
rooess. Aldehydes are first fixed as follows:—60 o.c. of alcohol of 60° 
id 1 grm. of metaphenylenediamine hydrochloride' are boiled for an hour 
nder an inverted condenser. The result is that a non-volatile combination 
f 2 molecules of metaphenylenediamine to 1 of aldehyde is produced, 
'he same purpose could be efifected by aniline phosphate. The mixture is 
ow distilled as far as possible, and the distillate brought up to the 
riginal bulk with distilled water. 

Comparison liquids are made as follows:—For comparing with liquids 
1 high alcoholic content, a solution of isobutylic alcohol in 60 per cent. 
Icohol, equal to 0-6 grm. per litre. For alcoWs of lower content, since 
ie reaction succeeds better with^ strung alcohol, the comparison solution 
Icohol is of 90 per cent., containing isobutylic alcohol in the proportion of 
•1 grm. per litre. The distillate in the latter ease is also brought to 
0 per cent, strength. 

The operation itself is done as follows:—In two different flasks are 
laced 10 c.o. of the sample and 10 c.c, of the comparison liquid; to each 
I added 10 c.c. of monohydrated sulphuric acid; the flasks are shaken, 
ten the two liquids are heated to the boiling-point, allowed to cool, the 
flours compart, and the quantity estimated on colorimetric principles, 
a commercial spirits the colour differences of the higher alcohols are so 
nail that it is necessary to exalt the reaction; this is effected by adding 
) each of the liquids before boiling 20 drops of furfural solution (1:1000). 
his mixture will give a rose colour with the higher alcohols. If the colour 
reduced by isobutyl alcohol equals 10, then the following numbers denote 
ie intensity of the colour with other alcohols:—Crude amylic alcohol, 6; 
ure iso-amylic, 4'D; normal butylic, 1; iso-propylic, 0-5; propylic, 0. 

The Alim Marquardf Procem. —The originalMarquaidt process published 
1 1882 (Beriehi, xv.), aimed at extracting amyl alcohol from dilute spirit 
y means of chloroform and oxidising the same to valeric acid. Allen 
ibsequently improved the process by substituting tetrachloride of carbon 
)r the chloroform. The details have been farther modified by Sohidrowite 
a3 Kaye {Analyii, 1906, 181). 

The spirit should be of approximately 60 per cent, strength and be freed 
rom esters, furfural and aldehydes; it is diluted with brine until the 
ravity is exactly IT. The alcoholic brine is now shaken out with three 
uocessivq quantities of carbon tetrachloride (from 100 to 160 c.a). 

[The carbon tetrachloride should be specially purified .by first washing 
dth r^ater, then boiling several houn with chromic acid mixture, 
ubsequently washing with water, then with dilute sodium bicarbonate, 
nd finally again with water until neutral It is now distilled and the 
istillate used.] 

The carbon tetrachloride used for the extraction of the amyl alcohol is 
isshed with a little water to get rid of ethylio alcohol. 

The carbon tetrachloride is next oxidised by an oxidaiioh mixture 
bmpoaed of 5 grms. potassic hiebromate, 1'6 e.o. strong suilphurio acid, 
ltd 30 0 . 0 . of water, . , . „ 

S idrowits uses an'aU-glass apparatus for this mirpose.', 

00 0 . 0 , Jena gl^ &lehinevsx. fiask is carefully fitted with a g^nd- 
lask jcflnt to an ordihary inverted Iilelflg condenser. The ,centiid tube of 

* It appears that this Teagent hi iaCedor to Eewetth reagent (pbeajrl-bydmae 
tlpboDatt iff lime), but ilfla promes ii now little nasd, on ‘tocoiat,of vatiouaseihen (d 
rrurlotUap^imtion. - 
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the condenser is fitted throughout its length with a Young's ‘rod and disc.’ ; 
This prevents any loss. Schidrowitz found by experiment that spirits not 
containing more than -Ifi per cent, of amyl alcohol required eight hours’. 
oxidation. In this process a little hydrochloric acid is set free, the amount 
being, roughly speaking, equivalent to about 2 c.c. of decinormal baryta. 
I'be amount ^ total acid formed in the oxidation is obtained by separating 
the volatile solvent, washing the same, and titrating the well-washed pro¬ 
duct with decinormal baryta water. Allen propo.scd that the titration ' 
should first be with methyl orange as indicator, which would give the ' 
mineral acid ; then with pheuolphthaleiii, which would indicate the organic 
acid; titrated in this w.ay, however, Schidrowitz has found that the 
chlorine is over-estimated, and in cases of importance he advises the chlorine 
to be determined by weight, and from the weight found the necessary 
correction to be made. 


The Hgter Iodine Method .— C. H. Bedford and Robert L. Jenks (/. Sob. 
Chem. Ind., 1907) estimate the higher alcohols as follows;— 

The spirit freed from esters and aldehydes is reduced to 20 per cent, 
alcohol by volume; to 30 c.c. of this arc added 23 grms. anhydrous calcic 
..^hloride, and the solution is shaken twice w’ith 50 o.c. of carbon tetra- 
ct!^|ide. The 100 c.c. of CCl, are washed twice with 30 o.c. of a solution 
of calcium chloride of 1*4 gravity,' the liquid is next agitated with 2 grms. 
of potasslima hydrogen sulphate and 1 grm. of sodium nitrate; the carbon 
tctrachlorife is removed, the residue washed twice with a little carbon 
totracbluride, and the whole of the solvent washed with 20 o.c. of saturated 
sodium hydrogen to remove traces of nitrous acid. The nitrate formed is 
estimated by the method of W. R. Dunstan and T. S. Dymond {Pharm. S. 
7VarM!.'[3] xix.). A stout glass flask of. about 100 c.c. caweity is fitted 
with an indiarubber stopper, through which passes a sliort glass tube 
connected with a small tube funnel by means of a short piece of thick 
indiarubber tubing carrying a steel screw clamp; 5 c.c. of 10 per cent, 
potassium iodide solution, 6 c.c. of 10 per cent, sulphuric acid, and 40 o.c. 
of water are introduced, and, the tube being open, the contents are boiled 
to expel all air and free iodine; the tube is then clamped and the source 
of heat withdrawn. The flask is then cooled. A known quantity of the 


nitrate solution is then carefully added so as not to admit air; the iodine 
liberated is estimated by a decinormal sodium thiosulphate solution, the 
thiosulphate being added carefully so as not to admit air; the final 
reaction may,, if necessary, be checked by starch, but the colour of the 
dissolved iodine is usually sufficient. 

This process,aims at not only ei^imating amyl, but also butyl and 
propyl alcohols. The authors suggest wat to another portion of the dilute 
^cohol may be ytppli^ the AllemMArquardt method, which will only 
estiuMto yie#myl tdcohol.' 

J..%ravhig Proeeu, —J. Traube* has published a process for the 
determination and. detection of fousel oil, based upon the variations in 
height of. oapillBry ascent, between pure alcohol and mixtures of amyl 
and ptfay} alcohol,. A capillarometer, conusting of a tbin-sidai ca{Hlla^ 
tube, about *4 piiB. in di|meter, is used; this is fasi^ed to a ve^ fine 
soale divided tnjq,half-millimetres, The scale ter^nates a^ i^ zero iuAu* 
points, which are. set^xaatly at ' thie surface of ths ^uid by.means irf s 
stand, movable upon Tbs jiquid: to.be eimnined is w«rked.'wp is 

, * flee sf-i 1-W. 



roOlSSrfMril COMPOSITION and AIIALVSIS. [§ 274.'’:? 

the capillary tube two or three times, and the bottom of the meniscus is 
read oif a few seconds after the meniscus has come to rest. 

Dam .—These in wines and spirits consist of ammonia, amides, alkaloids, 
and pyridine bases. The French school apparently use what is essentially 
Wanklyn’s process; the free ammonia they return as ammonia and amides, 
the albuminoid ammonia they return os alkaloids and pyridine bases j of 
course, the ammonia from the last does not represent ail the nitrogen the 
alkaloids, etc., contain, and it would have been better in the table on 
p. 386 to have expressed them as ammonia and albuminoid ammonia. The 
process used is shortly as follows:—100 o.c. of the alcoholic liquid arc dis¬ 
tilled nearly to dryness, first adding 2 c.c. of syrupy ammonia-free phos¬ 
phoric acid. The residue is now transferred to a retort of'2 litres capacity, 
eontaining a litre of water alkalised by 20 grms. of soda carbonate ai^ 
previously distilleil until no ammonia comes over. The residue being 
added, the distillation is recommenced and the aroraonia estimated in the 
way descrilied in the article on ‘ Water ’ (post); after distillation of the free 
ammonia, alkaline permanganate is added and the allmuiinuid ainmoiiia 
obtained. 


IIbanot. 

§ 274. The word “brandy” is derived from tljp German Dra'inttivin, a 
word used in that country in quite a general 8enBC,^for almost ary distillate 
derived from a liquid which has been fermmjited; thus we have potato 
branntwein, rice branutwein, and so forth. Brandy is, iionever, 
commonly understood in this country as applied to a spirit derived from 
the distillation of wine made from the graiie, Cognac being a brandy 
made in the district of the Chareute from special varieties of the grape; 
brandy, on the other hand, is derived from various districts in Franco. Tho 
English public, when they ask for brandy, without doubt mean a spirit 
more or less approximating to Cognac. 

Artificial brandies are made by the addition of various essences to proof 
or grain spirit. 

A large numbet^^ analyses of these essences have been collected by 
Kbnig dt) j the^ are for the most part solutions in alcohol of fouscl 
oil, with volatile fatljy.acids from formic to caprylic acids, esters, aldehydes, 
md sugars. In ;9toe of the essences vanilla is found, and in a few balsam 
>f Peru, from wttch the analyst may obtain resin, benzoic acid, cinnamic 
icid, and benzyl alcohol. 

Although there have been a number of brandies analysed, it 
nust be confessed that the qualiyrai& brandy c^m only be partly told by 
ihemical analysis, and in tlus rg^r analysis is inferior to the (jalate of 
;he expert taster. 

A good many artificial branuies can, uuwever, be at once detected by 
malysia It may be confidently laid down that a genuine brandy should 
lave at least 38 parts of ester per 100,OOQ of alcohol, and shonld approxi- 
nate to the minimum values of the analyses given below. It has been 
jroposed to add the acetic acid, aldehyde, furfurd, esters and higher 
j|pohola expressed in parts per 100,000 of absolute alcohol together, and 
hake this “coefficient of imparities” a standard ofVhil^ratiqn, but since 
ihe coefficient thus obtained appears to vary in thd genuine brandies from 
(tout 225 to 116S, this is a rather variable number to base a standard on. 
Still, if the analyst ffiids the numbers appreciably below 300, this fact will 
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be euspiciouB. Some of the English analysts have taken as a rough guide 
the amount of ester calculated as ethylio acetate, and have considered that 
a genuine brandy should possess at least 80 parts of ester per 100,000 of 
absolute alcohol; but here again there is too much difference of opinion on 
the subject to safely adopt this arbitrary figure, a figure not even supported 
by analysis of a few genuine cognacs. 

Kiinig (Die Meneehlidien Nahrunge- u, Geiitiesmitlel, 1904) has collated 
114 ana^ses of true Cognac, from which the following figures may be 
deduced:— 


Paiits raa 100,000 Absoluts AiisoaoL. 



Alcohol 
per ceut. 

Acetic 

Acid. 

Aldehyde. 

Vurfiirol. 

Esters. 

Higher 

Aiuotioia. 

Lowest, . 

35-3 

2-74 

7-93 

trace 



Highest,. 

81-8 

247-2 

68-7 


Swal 

522 

Mean, . . • 

56*1 

81’9 

24-2 



289 

Imitation Ongnac, . 

40*9 

24-9 

2-69 





’ Fd. Mbhler (Oompt. Itemi, 1891) gives the following average 
composition for true and artificial Cognac:— 


?er cent. 

Farts per 100,000 Absolute Alcohol. 

• 

Alcohol. 

Extract. 

Acetic 

Acid. 

Esters, 

Alde¬ 

hyde. 

Higher 

Alcohols. 

Kurfurol. 

Nils and 
Arnidee. 

Pyridine 
Eases and 
Alkaloids 
as Hlty. 

True Coguttc, 
Imitation, ' . 

48-6 

44-7 

0-6i!4 

0-412 

0-08 

0-007 

87 

31 

21 

6 

165 

22 

1'84 

0-88 

>2 

0-88 

1-0 

0-46 


Hum. 


§276. The best rum is distilled from fermented molasses, inferior 
kinds from the debris of the sugar-cane. In France a considerable amount 
of spirit is also derived from the molasses of the beetroot-sugar factories. 

As imported rum is a strong spirit containing from 44 to 65 per cent, 
absolute alcohol and from 0*3 p^r cent, to I'O per cent, extract, retailers 
mostly dilute it down nearer the legal limit of alcoholic strength. 

The proportion of so-called impurities to the alcohol in genuine rums 
may be gathered from the following table:— 


PBOfoBITOS or CONSTITDISSTS IS GlKCINK ROMS BXPRJISSSn IN PaETB 
, ^ PEB 100,000 OF Absoluts Alcouol. 


" ■ 

AoldHy. 

* 

Ald^l^ttB. 

Turfurol. 

Eiten. 

Higher 

Alcuhula. 

Minimum, . . 

. 168 

0-6 

10 

108 

62 ; 

Maximum, 

400 

47 

8-1 

869 

300 

Mean of many samples^ ' 

'247 

19 

8-0 

230 

188 : 










Rum diluted with silent spirit gives an acidity of less than 155; the 
esters are usually under 100; the higlier alcohols seldom attain 60, . 
occasionally a little over 100. 


• WllISKT. 

§ 276. Whukj) is one of the corn spirits, and is usually manufactured 
from malted grain. The Scotch distillers for the most part make it 
entirely from a malt mash, the Irish use malt and raw grain; but in both 
countries there arc considerable differences in its manufacture. 

The composition of whisl-y can be gathered from the analyses of Schidro- 
wits. Several prosecutions have taken place, especially at the instance of 
the Islington Borough Council, with regard to whiskies in part or wholly 
consisting of spirit distilled from a patent still as distinguished from * {lot 
still ’ whisky. The Royal Commission on the subject has, however, declared 
in point of fact that whisky other than pot still is entitled to the name of 
whisky. Hence the food analyst cannot refuse to call an alcoholic liquid 
of the flavour and taste of whisky, whisky, although it may be dellcient in 
the higher alcohols, esters and furfurol. On the other hand, any particular 
brand of whisky asked for and not supplied would probably be an offence, 
nut only under the Trades Merchandise Act, but also under the Sale of 
Food and Drugs Act. To establish such a case it will always be necessary 
to obtain genuine samples of the same nge and character from the 
distillers or other source, and the case may be established by a careful 
comparative analysis of the two liquids. 

As in the case of wines, so in the case of whisky and spirits generally, 
analysis has its limits, and chemical analysis fails to distinguish the minute 
flavours which produce such an important difference in the commercial 
value of such liquids. The professional expert ‘tastqr’ is on these points 
a necessary assistant to the analyst. 


Anaivsis or WuisKiss by Dh. Ph. Sohidrowitz (J. S/k. Chem. Ind., 1802) * 


r^parad 

!rum’' 

Age. 

Alcohol 
Vol. per 
cent. 

Per 106,000 ol Alnulute Aloobol. 

Extract. 

Volatile ' Pixed 
Add. j Aeid. 

£sten. 

Htxhor 

Aicifholt. 

Furfurol 

Aldo- 

hydci. 

I. Maize, 

Fresh 

62-6 

16'8 

14-8 

0 

90-0 

263-3 

3-4 

MM 

. 2- .. , 

>» 

63-0 

100 

9*4 

0 

82-3 

94-3 

8-5 

19-8 

8. „ 


02-2 

27-0 

26-4 

1 1 - 

199-4 

6-2 

11-4 

4. Bye, 


62-4 

17-8 


0 

56-2 

84-S 


6-9 

6. „ 

■> 

70'6 

7-0 


0 

67-6 

67-7 

- 

3-7 

6. Malt, 

i years old 

60-4 

316-1 

28-1 

41-5 

a2-7 

182-0. 

1-8 

IS-2 

f. .. 


80-6 

264'2 

31-3 

34-6 

9610 

265-9 

3-0 

29-6 



60-6 

122-0 

61-1 

11-8 

111-0 

160-8 

2-6 

85-2 


5 yean old 

59-7 

22-4 

ma 

6-0 

IM] 

148-8 

■ 3-7, 

21-S 

.«!• .. 

4 years old 

. 60'6 

29-1 

81-1 

... - 

256-0 

* -3 ■ 

13.6 

IL-Rye, 

8 yean old 

iKEl 

124 6 

3-8 , 

trace 

69‘4 

76 2 


12'8 

12. 

5 years old 

59-1 

154-7 

13-6 

6-1 

72-4 

77-1 


9-1 


1 Ttfs blgbsr slooliolt were dsWMutd 'oj the AIleii-Mwqaardt praceu, (Be Udelirdes and 
'jtorltuol oolMimetrlcally. : , ^’.s 


. gf!77..Gin is a sjdrili ibyputed with, vari^ substances. The ‘ 
htatutoiy limit of dilution w is ^ degrees noder pi^. To cal^ilats 









the amount of water aaoea the exoeae of degrees U.F. above 38 
multiplied by the factor 1'54. Thus a gin 40° U.P. would have been"'^ 
dilut^ 6 X 1'54, or 7’7 per oeut. The different receipts used in the , 
trade include— 


iTaniiter berries, 
Cftriander seeds. 
Orris root. 
Angelica root. 
Calamus root. 


Cardamom sivds. 
Liquorice iiowder. 
Grains of Paradiaa 
Cassia buds. 


Tlieso generally imjrart their essential oils to the spirit. A few of 
the more important only will be described here. 

§ 278. (Ml of Oalamvs .—The oil distilled from the root of the calamus 
is a somewhat thick, yellow, or brownish-yellow oil; neutral, specific 
gravity 0'960 to 0‘952; after rectification, 0’950; boiling point, 199°. 
It contains oxygen, is but slowly changed by sodium, and does not ful¬ 
minate with iodine. It dissolves in all proportions in alcohol and : 
bisulphide of carbon. The spirituous solution of the oil takes a brown 
eolonr on the addition of a little chloride of iron. 

§ 279. (Ml of-Cardamomt is a pale yellow oil, with a strong smelt of 
■“••idamoms, of neutral reaction, • of specific gravity 0‘92 to 0'94. It 
cont'^ 's a stearoptcne of the formula CjjHjjSHjO. 

§ 28i). Angelica root contains a volatile acid —Angelic acid —a bitter 
principle, a crystalline substance— Aiigelirlne —a resinous substanee, an . 
essential oil, and other constituents. 


, H \ /COjH 

Angelic Acid, , forms transparent glittering prisms and 

needles, melting at 45° into an oil, which may bo solidified at 0° into a 
crystalline solid. If the heat be raised up to 185° it boils and distils un- 
ohsuiged; it is infiammable, burning with a luminous flame. The acid . 
reddens litmus, and has the odour of the root. It scarcely dissMves in cold, 
but is soluble in hot water, in alcohol, ether, turpentine, and the fatty '\ 
oils. It forms salts with bases, which lose a part of the acid on evaporation.!: 
It precipitates lead and silver salts white; iron salts, dark yellow; and 
copper, bluish. By the aid of hydric iodide and red phosphorus, acting at ' 
180’ to 200°, angelic acid is changed into valerianic. Melting the add , 
with RHO decomposes it into prOTionate and acetate of potash. 

Angelicine is, according to Brunner, probably identical with hydro- . 
carotin, a principle described by Iluscmann, found in the Daucut earota, '■ 
L., and to which the following formula is ascribed, Cj^Hg^O. Hydroearotin, 
or angelicine, forms colourless, large, thin plates, witliout smell or taste, 1 
swimming in water, and becoming 100* hard and brittle. At higher 
temperatures (120*’S) it melts withbiirt loss of weight to a yellow fltti(^ | 
which solidifies as a resinous mass, and cannot be again crystallised. It is 
readily soluble in ether, chloroform,: carbon Msulphide, benzine, oil of ^ 
turpentine, and warm dive oil. It is not changed in oohmr by coneen-1 
trated hydrochlraic acid; fuming nitric acid dissolves it with the evolutiimg 
of gas. Concentrated sulphuric acid dissolves it to a red fluid, depositing 
brownii^-white flakes on dilation with water. . 

Angelica OH is colourless, and lighter than water; it has a ^etratii^;| 
odour and camphor-like tsst^, and resinifies on exposure to the air. 

§ 281. OU of'Ooriemder is a pale yellow oil, smelling like the fruit; J 
specific gravity '871 at 14*, And a portion .distilling over at 150°. Th.®.^ 



volatile part corresponds to the formula CjDHjgOg^ ( 0113)20 iCHCH^CH, 
0(CH,)OH.CHCH2. 

§ 282. OH of Juniper is contained in the unripe berries of the common 
juniper, in the proportion of from "4 to '75 per cent. It is colourless, or 
of a jKvle yellow, dissolving with turbidity in twelve parts of alcohol of 83 
per cent. Miscible in all proportions with ether and bisulphide of carbon. 
Smell and taste mildly ammatic. Specific gravity 0'862 to 0'874, but the 
poorer commercial samples often have a specific gravity of 0'860. The 
perfectly colourless oil does not fulminate with iodine, but the commoner 
kinds explode powerfully. If from 5 to 6 drops of the oil be placed in a 
test-tube, and five times its bulk of sulphuric acid be added, much heat is 
developed with the evolution of vapour, and the fluid becomes dark yellow- 
red and turbid; on now diluting with 10 o.c. of 90 per cent, alcohol, the 
colour changes to a somewhat dirty rose tint. The pure oil Irails between 
140° and 150°. On ex|)osure to the air, oxygen is absorbed; and on long 
standing, colourless tables of juniper camphor are separated. This camphor 
melts and sublimes without decomposition, is easily soluble in ether and 
alcohol, and may be obtained in feathery crystals. 

The action of warm water on juniper oil, it kept up for some consider¬ 
able time, results in the formation of a crystalline hydrate. Oil of juniper 
is oflficinal in all the Continental pharmacopoeias, as well as our own. In 
such large doses as from 15 to 30 grms., it is fatal to kittens, apparently 
acting in the same way us turpentine. 

§ 283. Amlijm of Qin .—The analyst should find in good gin at 
least 80 per cent, of proof spirit, and a variable amount of sugar and 
flavouring matters, seldom much over 6 or 6 per cent. Sulphuric acid, 
sulphate of sine, alum, and load should always be looked for. Many 
writers seem to imagine that grains of [raradise is an adidierant. It 
is, however, in its properties merely a pepper, and much nonsense has 
been talked about it. It is very doubtful whether any just conviction 
would be obtained for the addition of any harmless flavouring to the 
spirit; nearly all prosecutions hitherto have boon for dilution, and for 
dilution only. 

The alcohol is determined by distillafion, as before described (p. 387), 
aud>the percentage in the distillate estimated by specific gravity, and, if 
necessary, in other ways. Neither methyl-alcohol nor fousel-oil appears 
to have been found in-gin. 

The residue after the distillation may be treated with petroleum et^er, 
benzine, etc., as in DragendorflFs process for the testing of beers. The 
pf^cntial oils will be taken up by the petroleum ether, and may be identified 
by their odour and taste, and (if enough is obtained) by their physical 
properties. Sulphuric acid, if in a free state, may bo sejjarated by 
, cinchonine, as recommended under the article ‘Vinegar.’ The detection 
of alum, lead, and zinc is elsewhere described. 


Arbaok, 

§ 284. The best qualities of arrack are manufactured by distillation of 
he fermented juice of the cocoa-nut tree, palmyra tree, aui other palms; 
he coarser kinds are made from the distillation of fermented rice liquor, 
irrack is nearly colourless, a slight tinge of yellow or brown being only 



observed in samples kept in casks for a length of time. The average 
strength and composition of arrack are as follows:— 

Spocific gravity, . . . , 'SIPS 

Alcohol, . . , • , , . , 

Extract, 

Ash, . 

Water,.. 

The Hindoos and Malays consume largo quantities of arrack. It would 
appear in the East to be occasionally drugged, and Indian hemp and the 
juice from solanaoeous plants are said to bo employed for this purpose. 


Vet cent. 

52-700 

•082 

•024 

47^194 


LIQUEURS OR CORDIALS. 


^285. The term cordial, liqueur, etc., is applied to a number of 
nquida which essentially consist of very strong spirit, flavoured with 
essunocs, and often very brightly coloured by vegetable colouring-agents, 
such as tixmioric, cochineal, etc. Occasionally injurious colours are 
used, and salts of copper, picric acid, and impure aniline dyes have been 
detected. Of the liqueurs, absinthe is the most important in relation to 
health, afid will Ix! considered separately. The alcoholic strength and 
general composition of a few others are as follows:— 



Specific 

Gravity. 

Alcohol 

hy 

Weiglit. 

Extract. 

Cane 

Suxar. 

Other 

Bxtrwjtir? 

MAttAa. 

Aih. 

Bonekamp of Maagbitter, . 
Benedictine-bitter, . 
Ingwor, .... 
Creme de Menthe, . 
Anisette de Berdcanx, . 
Cnrajoa, .... 
MAmmeMiqnenr, .* 
Pfeirormunz liqueur,. 
Swedish runoh. 

•9420 

1-0709 

1-0481 

1-0447 

1-0847 

1-0800 

1-0830 

1-1129 

1-1030 


2-05 

36-00 

27- 79 

28- 28 
34-82 
28-60 
82-02 
48-26 
36-61 

82-67 

28-92 

27- 63 
34-44 

28- 50 
81-18 
47-36 

s-'ia 

1-87 

0-66 

0-88 

0-10 

0-84 

0-90 

0-106 

0-048 

0-141 

0-068 

0-040 

0-040 

0-058 

0-068 


Absinthe. 

§ 286. Absinthe is a yellowish-green liqueur, which coutains, as a 
peculiar aud distinctive iugredient, a poisonous oil having a deleterious 
action on the nervous system. This, mmmod oU, is the produce of 
the Artemima dhuinthium.^ Other flavounng oils are always present, 
suoh as peppermint, angelica, cloves, cinnamon, and aniseed. The green 
colour is produced by the juice of spinach, nettles, or parsley, or, in other 
words, it is due to chlorophyll. The absorption-smotrum of properly made 
absinthe is the same as that of chlorophyll. Most samples of absintdie 

























coutain sugar. The avontge composition of the liqueur as consumed in 
London (where its use is on the increase) is as follows:— 


Per cent. 

Absolute aloohdl..1000 

Oil of woTOWoud,. '83 

Other essential oils.2‘52 

Sugar,.1'50 

C’liloiupliyll.tiwes 

Water,.45‘66 


On diluting alisintlie the essential nils are thrown ont of solution, and 
the liquid becomes turbid. The resvetion is always slightly acid, due to a 
trace of acetic acid. 

AiMteratiiim of AhnnHw.. —The composition of aljsinthe ajipears to be 
fixed by no definite standard oE streugtli; therefore, praetioally, the analyst 
has to look only fur such substances as Injurious colouriug-inatters and 
metallic impurities. Sulpliate of indigo with turmeric is not uidi‘e(iuently 
employed as a colouring agent, and similarly picric acid has been detected, 
and salts of copper. The latter is readily discovered by diluting the Ibpicur 
and adding forrocyanido of potassium, wliich, if copper bo present, will give 
a brown coloration; picric acid and indigo are detected in the way else¬ 
where described. (See Imfex.) 

Amih/sis of Atmnlhe. —The alcohol may be determined by diKUl);j,i„ 
after diluting the liqueur to cause the oils to separate, and get* •’ 
some irartion by filtration. To make an estimation of the essgjj „jj, 
measured quantity of the liqueur is diluted to twice its vo^,,,,,,. ^ ...v 
addition of water ; carton bisulphide is added, and the mixture s{pdicu up 
in the tube described at p. 223. The carbon bisulphide dissolves all the 
essential oils, and on evaporation leaves them in a state pure onofigh to 
admit of their toiug weighed. Absinthe, when taken habitually auil fur a 
lengthened time, produces a peculiar train of nervous symptoms which the 
French physicians affect to distinguish from the similar symptoms jiroduced 
in inebriate by alcohol. In epilepsy caused by indulgence in absinthe, M. 
Yoisin states, as the results of clinical observatiou, that the number of fits is 
far greater than in alcoholic epilepsy. 


FERMENTATION: FERMENTED LIQUORa 

“ The otiemical Act of ferinoutation is essentially a corre&five phenomenon of s vital act 
beginning and ending with it. 1 think tliat there is' ifeVer any alcnholio fermenta¬ 
tion without there being, at the same time, hrgantsation, derelopment, and 
multiplication of globules, or the continued consecutive Ito of glnbules already 
fonned.”—/’osfenr. 

§ 287. Fermented liquors are those manufiotured by fermentation—t.e., 
a peculiar, low vegetable growth has been allowed to gtow' and multiply, 
assimilating material in one form, and exoretmg it in another, and this 
process has evolved, with other by-products, carbon, dioxide and aloohol 
Fermentation used to be coftsidered as a sort of special action; but modern 
research recognisee a groat variety of ferments, and it is a question whether 
all animal and vegetable ceils, in the exercise of their normal functions, do 







not act in a similar manner to the environing fluids, as do the organisms ^ 
more distinctively called ‘ferments.’ 

In normal alcoholic or spirituous fermentation, as in the manufacture <if 
beer, a minute unicellular plant, ‘ yeast,’ grows and multiplies, and splits 
up the sugar, as in the fcfllowing cqmtion:— 

CaH].20g—2C3H^0+2 COq, 

that is, one molecule of sugar furnishes two of alcohol and two of carbon 
dioxide. In ordinary practice this complete reaction never occurs, but if 
by the constant removal of carbon dioxide and alcohol, by means of a 
mercury pump, atmospheric air be excluded, the equation is nearly realised. 

M. Pasteur, in his quantitative research on the products of ordinary 
fermentation,* found that 100 parts of cane-sugar, corresponding to lOO'OO 
parts of grape-sugar, gave nearly 


Alcohol, , . , . 

61-11 

Carbon dioxide. . . | 

48-89 according to (Jay Lnssao's equation, 

0-63 excess over ,, ,, 

Succinic aoid, . 

0-87 

Clyceriu, 

8-16 

^ Matter united with ferments, 

-4*t 

1-00 


106-36 


M. Mod oyer** has represented Pasteur’s results in the form of the 
following equation:— 

. 4(C,3HjiO,„)+6H„0=2(04H„04)+12(0,H,OJ + 400,+0* 

the free oxygen being supposed to serve for the respiration of the yeast 
cells. Pasteur’s equation is far more complex, and represents no free 
oxygen as produced; yet the fact of fermentation going on brisUy in a 
vacuum, us well as other considerations, points to the probable* correctness 
of Monoyer’s supposition. 

As a secondary product, there is also constantly acetic acid. This is . 
generally considered to originate from the ferment itself. With ethyl- 
alcohol there is also produced, when complex matters are fermented, several 
other homologous alcohols. For example, if potatoes are fermented, on 
distilling off the more volatile portions, and collecting separately the final 

* Tho method adopted by M. Pasteur to detect and measure quantitatively the 
glycerin and succinic acid contained in a fermented liqnid, was as follows:—“The uquid, 
when the fermentation was over, and all the sugar had disappeared (which required from 
fifteen to twenty days under gi^id conditions), was jsuisea through a filter, acouratoly 
weighed against another made of tho same pa^. After having been dried at 100°, the 
driM deposit of the ferment collected at the bottjm of the vessel was also weighed. 
Tho filtered liquid was suMected to a very slow evap oation (at the rate of from twelve to 
twenty hours for each half litre); when reduced to 10 or 20 c.c. the evaporatiou was 
oompleted in a diy vacuum. The syrup obtained was next exhausted with a mixture of 
alcohol and ether (1 part alcohol of 80“ and 1‘6 luirts other), whioli extracted completely 
ill the SHCciiuo acid and glycerin. The ether-alcohol was distilled in a retort, then 
evBiwrated in a water-bath, and afterwards in a dry vacuum. To this was added a little 
lime water, to fix the succinic aoid, and again the mixture was evaporated, and then tho 
glycerin was separated from tdie adcoinate of lime by ether-tdcohol, which only dissolved 
out the glyoerin. This ether-alcohol solution on evaporation, which was finished aa 
before in a dry vacuum, left the glyoerin in a state fit to be weighed, and the calcium 
snoeinate was purified by treatment with alcohol of 80 per oenb, which only dissolved Out 
tho fole^ matters.”—SciH(teii8«ro«r on “ FftmeHlation.” liond., 1876. 

•" Thftse de la FaoulW deJdMecine de Strasbourg.” 
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distillate, this is found to consist of propyl, butyl, amyl, oaproic, cenanthyl, 
and caprylic tdcohols.‘ 

§ 288. YeaKt. —There are no less than three methods of oansing the wort 
of beer to ferment, but none of the three presents any very distinct variety 
of the yeast ferment. The one generally employed in Knglnnd is what is 
called top fermentation, in which the starch of Iho malt is changed into 
sugar by succossivo infusions, and the fermentation takes place at from 16° 
to 18°. This in breweries is done in large open vats; the yeast floats on 
the surface, and can be removed by skimming. 

The second method, more in use in tiermany, is formontatiou by sedi¬ 
mentary yeast ( Urv/erlufe). The starch is transformed by decoction, and the 
temperature (12° to 14 ) is much lower than the former. The yeast forms a 
sediment on the bottom; and when the liiat and most active fermentation is 
over, the clear Ihpud is mn off into proper vessels; but the yeast not having 
been all deposited, a slow fermentation still goes on for a long time, 

A third method, employed in Holginm, is to leave the wort to itself, 
having first placed it under proper conditions. 

The microscopical appearance of ye.ast is that of a number of round or 
oval cells, from 'OOOSl to 00035 in. ( 008 to ’009 mm.) in their greatest 
diameter. They arc transparent, with one or two vacuoles; contain often 
a somewhat granular protoplasm, and occur together, united two Ijiitwo; 
or, if in active growth, in groups, of which seven is a very 'common 
number. These groups are derived from offshoots or buds from a single 
cell, which will bo found somewhere near the middle, and can no identilied 
by its ^eater size. The usual teaching as to the mode of jiropagation has 
been hitherto that this growth is ctfected by a true budding; but accord¬ 
ing to Dr. de Vaureal, the supposed budding is an optical delusion. He 
considers the utricle of yeast as allied to the spermogones of Tulasue. The 
nucleolar eloments of the cell are sperraatio; aud being set free by the 
rupture of the cell-wall, produce new cells. This explanation would at all 
events account for the ready manner in which yeast germs are carried 
about by the air. 

Schlossberger aud many other chemists have determined the chemical 
composition of yeast. Schlossberger gives the mean of two analyses as 
follows [the elementary composition after removal of ash]:— 

Stirfaoe Yttast. Sedimetitary Yeast. 


Carbon,.40'9 48'0 

Hydrogen.6'6 8'B 

Nitrogen.12T 9'8 

Oxygen.SI-4 857 

(Ash,.' 2'B 8-B] 


The ultimate principles contained in yeast appear to be, certain 
albuminoid substances, tyrosine, leucine, [nuclein)], cellulose, and some 
other hydro carbons, but the matter is not yet fully worked out. 

The ash of yeast has been analysed by Mitscherlioh, and Schutzonborger 
arranges his analyses as follows:— 

. Surface Yeast. Sediment Yewt. 


^ .•..wav. uvusiUOliV A 

PhoBphonc acid, , . . . 41-8 39-5 

Potash. . 39-8 28'8 

Soda,. 

Magnesium Phosphate {Mjfo 2 P 04 ), . 16'8 22-6 

Calcium Phosphate (Caj'dPO,), . 2’3 97 


* M. Jeanjean has separated camphyl-alcohol (C„H„0) from the distillate of 
madder. 
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The researches of Ergol, Rees, Pasteur, and others have shown that 
there are a great variety of alcoholic ferments: the wine ferment is distinct 
in size and sliape from the beer-yeast ferment; while the ferment of fruit- 
juice, again, differs in the figure of its cells from cither; and to the various 
alcoholic ferments names have been given— e.g., Saceharomgeeg etlijimUlem, 

S. exiguns, S. congtomeratus, S. apieviatw, etc. All of tliem, however, are 
of quite the same general type as yeast ferment. 

§ 289. When liquids become sour, ropy, or putrid, in each case the 
change has been produced by a iiarticular ferment. The lariiK arid firrmeni, 
c.g., decomposes sugar into lactic acid ; the hutyrir acid fermmt attacks 
fatty matters, and separates in a free state butyric acid ; and putrid- 
firnuetdn, by their avidity for oxygon, split up complex organic matters 
into a variety of substances. Of these ferments, the most important in 
reference to Iwa-r is the Lactic acid ferment. In normal alcoholic fermenta¬ 
tion, M. Pasteur has proved that there is not the smallest production of 
lactic acid, and wiieii this docs appear, it is certain that it has originated 
in and contaminated the yeast used. Those ferments can be recognised by 
the microscope, and they sliould bo looked for generally in the sediment 
Kor tlio purpose of collecting the sediment of beers, wines, water, etc., the 



Fio. 66. I'lo. 66. 

the capacity of a litre, and at the lower end'is conical and open; on to 
this conica’ end is ground a glass cap, C, which is in point of fact a shallow 
cell about an inch in depth; P is a glass rod, the end of which fits easily 
into ^e narrow part of the tube, and is ground so as to make a perfect 
joint The use of the tube' is as follows;—The liquid under examination 
is placed in the tube closed by the cap, and the plunger P is removed ; 
when the sediment has all collected in C, the plunger is very slowly and 
carefully inserted, so as to stopper the lower end of the tube; the cap may 
then be removed for microscopical examination. 
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Fig. 66 is a representation, after Pasteur, of the ferments which char¬ 
acterise sour or turned beer. 


1. TumedlioKr—filaiueuts simple or aiticulalcd iuU> clioins of diirofoiit size; dkmeter 

hioli. 

2. Lactic feiTnciits of boei' aud wurt**-siuall, lino, and contracted in the middle; diameter 

a little gi'catcr than No. 1. 

3. Ferments of putrid wort and beer—mobile filuinenls generally, which ap{>car at the 

coinmencemeiil of fermentation when it is slow; invariably tlie msult of detwtive 
working. 

4. Fei menls of viieous wort and r«jpy beer, rare. 

5. Pungent sour beetr with acetic odour—chaplets of Mij&Khnm oceiL 

6. A wort deposit. 

7. beer of a peculiar aciditj—iiaving a doU-stablc tJiste and smell, generally found witli 

No. 1, but more to l)e feared than No. 1. 


Bkkr. 


§ 290. Tlie most accurate definition of beer,^ as brewed in the present 
day, is that of a fermented Kacchariuo infiisiou, to which itas been ad(lu<l 
a wholesome bitter. The chief constituents of beer, stouts, and ported, 
are— 


(1.) Water containing in solution (occoidiug to its oiigui) various salts. DisUlled 
water is never used in brewing. 

(2.) Alcohol, ti 

(8.) Oarboitic and acetic acids. 

(4.) Malt extract—malt, sugar, dcxtiin, albuminous constituents, and ash. 

(5.) Bitter principles, oticasionully derived solely from the hop, but very commonly 
supplemented by so-called 'hop substitutes.* Samples of tlie latter examined 
by the author all contained 'quassia,* and portions of the following pluila 
were identified—calumba, ohiretta, gentian, and wormwood. 

(6.) Tiie ash doiived from the water, the malt, and the bitters. 


^ To tiiese must be added volatile aud essential oils, vegetable gelatine, 
gluclnic acid deiived from the sugars, lactic acid, and, in porters, caramel 
and assamar. 


The general composition of the chief ingredients of beer may he gathered 
from Table XLIII., taken from Mr, Watts’ Dictionary. 

Thp composition of beers, as a whole, varies in some degree according 
to the kind of ale or l>eer, according to tho method of manufacture, and 
according to its ago and preservation. 

FaU AU should be made from the finest and highest dried malt and 
the choicest hops, the bitter being in excess. 

Mild Ale is a sweet, rather strong beer. Table heer is rarely sold—it is 
a weak watery ale. 

PorteTt as drunk in tlio metropolis, is a rather weak maltdiquor, 
coloured aud fin^ured with roasted malt. Stout is a richer and stronger 
description gif^rter. 


_^ Jie deciBiom in Pasliler v. Stevenitt (85 862), and Webb v, Kuigbt 

(L.R. 2,,ftrB.D. 580), it u laul down that beer most be "the article ordinarily sold 
uuder tm name,** and that it "would be to the prejudice of the purchaser to sell or 
her aalseT an article not of the nature, substance, and quality or that ordinai-iiy sold as 
suoh^hether containing ingredients imurioua to health or not** (The Sale of Food and 
Drugs Acte, by W. J. Bell, Esq. London, 1886.) 



The Oemian Beers generally arc fermented by sedimentary yeast, and 
are always, by reason of the after fermentation (NaeligiUmmg), well 
charged with carbon dioxide. The lager, summer, book, or export beers 
are separated from the winter beers only by the former l)aing brewed from 
a richer wort, and containing more alcohol, as well as a greater percentage 
of malt extract. 

Bavarian Beers in some degree derive their peculiar qualities from 
fermentation at a low temperature. They seldom contain more than two 
per cent, of alcohol, are only slightly bittered, have a fine aroma, and a 
peculiar flavour, said to be due to the solution of a minute fraction of the 
resinous matters used to caulk the casks. 

Lamhieh and Faro Beers are made with uumalted wheat and barley 
malt. In fermentation the wort is self-impregnated, the process sometimes 
taking months, and being mostly of a bottom character. The beer contains 
a large quantity of lactic acid, and is very hard in consequence. 

Of the constituents of beer, it will be necessary to notice fully the 
water, the malt extract, the bitters, and the ash. 


TABLE XLIII.— SwsoiAL Examination or Certain Beers. 


Name of Beer. 

Malt 
Extract. 
Per cent. 

Alcoliol. 
Per cent. 

Carijotlio 
Acid. 
Per cent. 

Water. 
Per cent. 

Analyued by 

London** Porter, ]3ai'clay & | 
rorkins, . . . ( 

6'0 


0'18 

88'44 

Kaiser. 

London Porter, 

6'8 



86-3 

Balling. 

„ Berlin, , 

BuHoh Ale. 

Scotcli Ale, Ediubur^h, . 

5-9 


0-37 

89-0 

Ziiirek. 

14-D 


■ ■ 

79-6 

liofTinaiin. 

]0'9 


■! iTa 

80-45 

Kaiser. 

Ale, Berlin, .... 

6-8 

7'6 

Bul 

86-93 

Ziurek. 

BrusseU Lainbiok, . 

3-4 

6-5 

■t H 

90-90 

Kaiser. 

,, faro, .... 
Siilvator Bier, Munich, . 

2'9 

4'9 

0*2 

92-00 


9’4 

4'6 

0-18 

85-86 


Bock Bier, ,, 

9*2 

4*2 

0-17 

86-49 


Bavarian Draught Beer (Schenk 
Bier, Munich), 

Bavarian Store Beer (Laj^er' 

5'8 

3-8 

014 

90-20 

- 

Bier, Munich, 18 months - 
old), ..... 

5-0 

6-1 

0-16 

89-76 


Bavarian Store Beer, Munich, . 

8-9 

4-8 

016 

91-64 


,, Draught Beer, Brunti* 1 

wick, . . . . / 

S-4 

8-6 

D 

91-1 

Oit(\ 

Bavarian Beer(Wal(l8chlb»8cbeu), 

4-8 

3-8 


91-5 

Fischer. 

Prague Drauglit Beer, 

8'9 

Om 


90-7 

Balling. 

Otta 

,, Town Beer (Stadt Bier), 

Sweet Beer, Biiuiawick, . 

I0’9 

l-u 


862 

14-0 

l-:ib 


84-7 

Josty’s Beer, Berlin, . . 

2-6 

2'fl 

O-B 

94-3 

Ziurek. 

■Werder’s Brown Beer, Berlin, . 

3-1 

2-8 

0-3 

94-2 


White Bee., Berlin,. 

6-7 

1-9 

C-8 

91-8 


Bi^re Blanche de Louvain, 

Si) 

4-0 


93-0 

Le Cambro. 

Peterman (Louvain), • . 

4’0 

6-6 

B 

89-6 

*7 


§ 291. The waier used by the brewer is mainly interesting to the analyst 
on account of the common salt held in solution,, mnee in prosecutions for 
the addition of salt the defence .generally is, that the latter is a natural 
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component of the beer. Thns, Dr. Bottinger’e analysis of the constituents 
of the water used at Messrs. Allsopp’s brewery is as follows:— 

Per Uallon. 


Ohiorido of sodium. 10'12 

Sttliilmto of ]S)Ush,.7 'Co 

,, lime,.18'96 

,, moKnesia,.9*95 

Cui’bouulo of lime,.16'51 

,, mugiioeiu,.1*70 

,, iron,.0'60 

Silica,- . . . Q'79 


65-28 

Messrs. Bass & Co.’s water (according to an old analysis of Cooper) 
contiiins chlorine cijual to a little over 10 grains of common salt per gallon, 
and all published aimlyses of water used in breweries give quantities of salt 
under 14 grains per gallon. However, since breweries, as a rule, use hard 
spring water, it is quite possible for the water in particular localities to 
contain a much larger percentage of salt than the quantity mentioned 
above. 

§ 292. Malt Extraet .—The constituents of barley and also of malt are 
given in the following table; but of these it is the ash alone which will 
remain, comparatively speaking, unchanged; for by the action of mashing 
a very largo portion of the dextrin and starch becomes changed into sugar. 


TABLE XLIV.— Composition op Baiu.ev ani> Malt. 



Karloy. 

Malt 


AiT'drled. 

Air-dried. 

Kiln-dried, 

ImIc. 

Klln-drhd, 

amber. 

Produce of torrcfaction, . 

O'O 

0-0 

7-8 

14*0 

Dextrin, 

5-6 

8-0 

6*6 

10'2 

Starch, .... 

67-0 

58-1 

68*6 

47-6 

Sugar, .... 
Cellulose, 

O'O 

0’5 

0-7 


»'6 

U'4 


11-6 


12*1 

13*6 




2'6 

2-2 

2-4 

2'6 

Ash, oto., 

8-1 

3'2 

2-7 

27 

' 

100-0 

100*0 

100*0 

100*0 


Barley contains dextrin, starch, albuminous substances, and a small 
quantity of fat, together with cellulose, and the ordinary saline constituents 
of seeds. Malt, varying a little in cumposition according to the heat of the 
final operations of the maltster, differs from barley in containing a small 
quantity of sugar (derived from transformation of a portion of the starch), 
rather more dextrin, and altogether less organic matter, the loss, on malting 
being usually represented as— 

Water,.6'00 

Saline matter,.0'48 

Organic matter,.12‘62 


in 100 per cent, barley.’ 


19 •00 


’ C O’Snllivan (/oihvi. Chm, Soe., Jan. 7, 1886) has extracted from barley from "07 
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§ 293:] 

Valentine and O’SnUiran give the following as the composition of pale 
malt. Each substance has been directly estimated. 

CoMrosiTlON OP Pale Mai.t 
(Jiatnliny to Valentine awl O'iittUimn)^ 

a) (2.) 

Siareh,. 44’16 45‘IS 

Other carbo-hydrates {(tf which 
60 to 70 per cent. cuiiHist of 
formeiitaible sugars), Inuliu 
(i), and a small quantity of 
other bodies soluble in cold 


water, .... 

Cellular matter, . . 

Fat. 

Allminiiu'i.l.s— 

{a.) Soluble iu aleobol of 
apocilic gravity ‘820, 


■11 ■as 

11-57 

i-eti 


39*39 

10*f.9 

1*96 

aud ill cold water, 

(b.) Soluble in cold water 

■63 

... 

*46 

... 

and at OS'", . 

(c.) Insoluble in cold w'atcr, 

3-23 


3*12 

... 

but soluble at 6^'’ to 70“, 
{d .) Insoluble at 08“ to 70“, 
but soluble in cold water 

2*37 


1-36 


(albumen pi-ojK-r), 

, (e,) Insoluble in cold water 

•48 


•37 


and at 70“, , 

G'38 


8-49 


Asb, ...... 

water,. 


13-lie 
•1-60 

6'83 

loo^ia 


13*80 

1*92 

7*47 

9976 


§ 293. 77ie Oohunttij-MaHers of Malt —Tho colouring-matter of malt 
has iKsen investigated by Sorby, aud examined speotroscowcally. Tho 
ctjlour is of an orange yellow, and may be obtained from the hot water 
extract of malt, after having got rid of as much sugar and gum as possible. 
Ammonia colours it a deeper yellow, so docs 50 per cent, sulphuric acid. 
There is no distinctive spectrum. A special test is to add citric acid to a 
watery or alcoholic solution, and then sodic hypochlorite. The wateiy 
solution under these circumstances becomes flesh-coloured, turbid, and after 
a time precipitates. The spectrum, nccording to Sorby, is moderately dark 
from D } E to F J G, clearer from there to P J G, then moderately dark 
without estimable narrow bands; but in alcoholic solution, the solution 
remains clear, and there is a well-marked band at tho yellow end of the 
green, which is at 4 | of Sorby’s scale (that is, between 1 ) ^ E to D | E); 
if the colour is deeper the band is more evident, and goes to D § E. These 
appearances are so characteristic that tlio colouring of malt in complex 
mixtures caq be discovered by them. In barley the colour docs not exist. 

The carbonised or high-feed malt, used to colour porters and dark 
Ixiers, con'ains at least two colouring-matters different from that just 
described. The one is orange-yellow, soluble in water and strong alcohol; 
it gives no flesh-coloured precipitate with sodic hypochlorite and citric acid, 
nor does it (like the hop colouring-matters) darken by oxidising agents; it 
is therefore probably a caramel. The other substance may be separated 
as follows :—The beer is evaporated to a small bulk, and precipitated by 

to ■09 per cent, of raffmooe. Eaffioose is a sugar ; it is capable of fer* 

mentaliou, does not reduce oopjiffl solution, and has on opiieal octivily -i- 185'*!l. 





alcohol; the colour Ih thrown down, mixed with gum, and by rcdissolving 
and ropreoipitating it can ultimately be obtained nearly pure. In aqueous 
solution it gives an orange-brown spectrum, which is very slightly shaded 
from D J E, moderately dark to E and J C, after that very dark. 

A sugar, ‘ maltose,’ is obtained by the action of malt extract on starch; 
it has a specific rotatory power of -H 150°. The behaviour of maltose to 
Fchliue’s solution, and its method of estimation, is described at pp. 129, 
130. It forms a hard, white, crystalline mass, consisting of needles, which 
lose their water in a current of air at 100°. 

§ 294. Beer Bitters. —Beer, bittered by the hop alone, when precij)i- 
tated by acetate of lead, filtered, and the excess of lead removed by hydric 
sulphide, gives a filtrate destitute of bitter taste; while, on the contrary, 
if it has a bitter taste, some bitter other than hop has been used. Wliether 
such bitter is an adulteration or not, will depend altogether on the nature 
of the substance added; for since the repeal of the hop duty in 1862, and 
the consequent return of the trade to other bitters, anything harmless in 
the way of a bitter is perfectly legal. If, however, such poisons as picric 
acid, picrotoxiu, or colchicine, should be found, there can be no difference 
of opinion as to the course the analyst should pursue. 

With regard to these, picric acid has certainly been discovered, and 
picrotoxiu is strongly suspected, but as yet the latter has not been proved 
to be a common adulterant. The so-called discovery of colchicine in beer 
appears to have been throughout a mistake. A sample of beer of unknown 
' origin was found to contain a bitter amorphous substance, soluble in water 
and alcohol, and capable of separation from its acid watery solution by 
rdtber chloroform or ethrai. Nilaao acid of 1'48 dissolTod.it with «,fiue 
^ r^^sh oolodr, and a mixture of niitriO and sr^hurio adds turned it rose- 
red. fl. Van Oeldemt finds that'the body which'^ves these reactions 
originates in the hop, and that the reactions are only produced in the 
presence of gelatin; and further, that a mixture of unadulterated hops 
and gelatin gives all the reactions of colobioine. This observation is quite 
as important to the toxicologist as to the food analyst.’ 

' § 295. Hnjps .—Hops are the catkins of the Humulns lupulus, and consist 
of imbricated scales enclosing the so-called nut. The scales themselves are 
covered with aromatic superficial glands, which are designated ‘yellow 
powder,’ or lupulin. Freed as far as possible from the lupulinic grains, 
the scales consist of astringent matter, cblmophyll, gum, colouring-matter, 
and ash. The lupulin itself, according to Dr. Yves, contains the following 



Tolstile oil, . 
Tannin, 

Extractive, . 
Bitter principle, . 
Wax, . - . . 

Beein, . 
lignin, 

Lo^ . 


1 

4'16 

8- 38 

9- 16 
lO-OO 
80-00 
88-88 

-02 


100-00 


This analysis does not include the oil of bops, which is a very imjjortant 
> Arch, Pharm., 8, ix., 82. 

’ Phospho-molybdio acid gives a ytUmc precipitate with lupulin. On adding 
ammonia, and plusing in a watch-dass, the precipitate becomes surrounded by a blue 
■ sono. Oolohicine he&ves in a similar yi&y.—lldtsehrift f«r aauUyt, dumie, 1880, p, 

'106. i,. 














constituent of the hop, and may be obtained by distilling the fresh flowers 
or the lupuliu. 

The resin and bitter principle of the hop are to the brewer the most 
important constituents, its commercial value being directly dojmndcnt on 
them.' According to some analyses made by Mr. Porter, the substances 
capable of solution in ether (viz., the oil, resin, and bitter principle) vary 
in different samples from 8‘8 to a little over 17 per cent.® 

Lupulite, <rr true Lupulin (a substance isolated by Lermer in 1863), 
can be obtained in rhombic prisms by treating fresh hops with four times 
their weight of ether, distilling the ether off, then adding to the extract 
alcohol of 90 per cent, (which leaves the wax nndissolved), and again 
taking np the alcoholic extract with ether. The ethereal solution is 
repeatedly shaken with strong potash-lye to get rid of the resin, and lastly 
with pure water to take up the bitter matter. It is precipitated from the 
aqueous solution by sulphate of copper, the composition of the precipitate 
being (',jlIj 5 CuO«; and crystals are obtained by dissolving the precipitate 
in ether, decomposing with Slfj, and evaporating the ethereal filtrate in a 
streiim of carbonic acid gas. 

A principle very bitter, but not crystalline, can also be obtained by 
adding to the aqueous extract of the lupulin grains a little lime, and then 
treating with alcohol. The solution is to Iks evaporated, the mass treated 
“^th water, and the solution again evaporated to drynoss. On washing 
this residue with ether, a white uncrystallisablc, bitter principle—soluble 
in 20 parts of water, very soluble in alcohol, and but slightly so in other— 
is obtained; it is probably a derivative of Lormer’s lupulite. 

Lena’s Lupulite orystalbses in glittering, rhombic, brittle prisms, 
'taetdess in thee^ves, but with a very bitter flavour, and ana^d 
wto dtasdved in alcohol. They are insoluble in water, Wt dissolve ewnly 
In alcohol, ether, chloroform, bisulphide of carbon, benzole,'lind turpattine; 
exposed to the air, they soon become yellow and partly amorphous. 

Bungener* has extracted, by means of light petroleum,, a substance 
farming oolourless, prismatic crystals, melting at 92°—93°, insoluble in 
water, and having the composition of he has nam^ it iupulic 

acid. On treating the ethereal solution with an aqueous solution of copper 
acetate, there is a green crystalline precipitate of copper lupulate, 

' ChoUBe, (flDalsGjHiOH,!?,©!!, has Wn discovered in hops, and has also been 
seiwrated from beer, by Peter Griees and G. H. Harrow {■Imm. (Hum. Sue., No. ecM., 
May 1886, 2P8). The method used was lo precipitate the concentrated extiwt ^dinm 
with hydiwhlorio acid, by a sufficient quantity of a solution of iodine in liydiiodfe 
The choline pfrioiUde thus obtained is transionned into the very soluble choline iodide 
by boiling with water and filtering. 1'he filtered liquid is next tinted with silver oxide, 
the solution is filtered and evaporated. To pur’fy it*i\iTthor, it should be convert^ 
into the aurichJoride, this latter conqiound decoin])f)Hed by SH^, and decomposing the 
choline chloride by silver oxide. The base freed water by evaporation forms a thick 
alkaline ^hich solidifies in the desiccator to an extremely hygroscopic, friable, 

oiystalline ruasa; it quickly absorhs carbonic anhydride, has a austic and somewMt 
bitter taste, if quite odoOTless, and is decomposed at a high temjiersture with forawtion 
of trimethylaraine, Choline chloride is also extremely deliquescent, and yields a 
oharaoteristic platino-oldoride, almost insoluble in alcohol, but very soluble^ even in <K)ld 
water, ciyst&lfising out in fine orange tables. The chloride is also precipitated av gold 
diloride, the precipitate is yellow, easily soluble in boiling water and wcohoL and 
crystallising from tnese liquids in small noedlee or piiams; the formula for the gold salt, 
is {CH 3 )*C 2 H 40 UNClAuCl 8 —it therefore contains 44* 48 pw cent of gold. , , 

a ** On the Examination of Hops,” by W. E. Porter, F.O.S. August 187T; 

January, 1878* 

» Jiidl. Soe. Okim,t xlv., 487-498. 
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C,,„Hg^OgCu. Lupiilio acid reduces ammoniacal silver solutiuns, and is 
oxidised by exposure to the air to a bitter resin soluble in water. 
Williamson found in hops a narcotic alkaloid (hopeine) very similar in its 
effects to morphine; but his research has not been confirmed. 

M. Issleib has made an examination of the bitter principles of 
the hop. His method of separation was to extract with cold water, 
and then to treat the cold extract with animal charcoal, exhausting 
the latter after drying with 90 per cent, alcohol. This gave a yellow 
solution, from which a brown resin was precipitated on concentration, 
leaving in solution the bitter principle and another substance (C). The 
bitter may bo removed by ether, and is palo yellow,.amorphous, non- 
nitrogenous, and slightly acid, and is dissolved by alkalies with the 
production of a fine yellow colour. He ascribes to it the composition of 
0.j„ll.,g0,„ and states that it splits up under the inilucuce of sulphuric 
acid, thus— 


Bittur Briiiclplo. 


3ILO 


l.upalirfltfD. Lupnllc Aniil. 


The rosin has the composition of C,„H2403i, and is presumed to ho 
formed by the oxidation of oil of hops ; lastly, the sulmtanoe C is consider 
to be an oxidation product of the oil of hops, and has the composition i 
CjoHjjOj.' It is probable that these substances are Bungener’s lupulic 
acid. 

Oil of Hops, according to the researches of Wagner, consists chiefly of 
an oxygen-holding oil, CjjHjgO, containing in solution a campholf boiling 
at 175°. According to Chapman, the oil, by distillation in a vacuum, may 
be separated into three portions: (1) A mixture of two unsatnrated 
hydrocarbons, boiling-point Ifil’-lTr; (2) a small fraction similar to 
gcraniol; (3) the chief fraction a sesquiterpene named “Humulin,” 
boiling-point 260“-255°, specific gravity at 15° 0'9001. 

The crude oil is browuish-ycllow, and very sparingly soluble in water, 
one part requiring more than 600 times its weight for complete solution. 
Ifdoos not contain sulphur, as previously assert^ by Payen and ChevalUer, 
nor dues it reduce tunmoniacal solution of silver. Oxidation by nitric acid 
produces valerianic acid and a yellow acid resin; if dropped on melted 
caustic potash, valerianate, carlmnate of potash, and a ^drocarbon are 
the results. The oil appears to bo neither narcotic nor poisonous, twenty 
drops having had no action whatever on a kitten {W. Kid)-, but the 
wonderful preservative properties ascribed to it by older writers are veiy 
problematical. 

The ash of the hop differs but little from the ashes of foliar organs 
generally. The nitrogenous principle In hops is partly composed of 
asparagin up to 30 per cent. (See Table, XLV.) 

A few other bitter principles, some of which have actually been found, 
and the remainder are supposed to exist, may be now conveniently 
described. (For Picratoxiu and Cdchioine the readw is referred to the 
work on ‘Poisons,’ by A. Wynter Blyth.) 

§ 296. Absinthin, CjAHjgOgHO.—The bitter principle of wormwood, 
Artemisia almntldum. it may be extracted from the hot aqueous extract 
of wormwood by precipitation with tannic acid, evaporating the tannate to 


' Arch, Pham, [8], xxL, 345-368; Jown, Ghm, Soc., March, 18SL 



BEKR. 


415 


§§ 297 . 298 .] 

dryness with oxide of lead, and extracting tho 'dried residue by alcohol, and 
8ub8C()ueut purification with animal charcoal. Absinthin dissolves easily 
in alcohol and ether, with difficulty in hot water, and is scarcely soluble in 
cold. When obtained from alcoholic solution it is usually in tho form of 
pale-yellow drops, which gradually become crystalline; it has a peculiar 
odour and extremely bitter taste, and its reaction is neutral. It reduces 
a hot ammoniacal solution of silver nitrate, but an alkaline tartrate <rf 
copper solution remains unchanged by it. It is dissolved by caustic potash 
with the production of a brown colour. Concentrated sulphuric amd 
iiroduces first a brown colour, passing into a green-blue; as water is added, 
the colour becomes darker, until grey flocculeut particles are separated. 
Hoiling with dilute acids produces resinous products, but no sugar. 


TAHIiE XLV.—CoHSTiTUENTs or the Abu or Hop CosEa 



WAT Ann Oqbtoh. 

B. Watts. 


Bentley 

Variety. 

Uoldlnt; 

Variety. 

Grape 

Variety. 

Grape 

Variety. 

.... 

di^ds . 

. 

.... 
Alumina, .... 
Fci ric oxide, 

Stalpbiinc aoitl, . 

Chlorine, .... 

Silloa,. 

Carbonic acid, 

Pliosphoricaoid, . 

Chloride of potasHiniii. . 

„ .sodium, 

Charcoal and losa, . 

n -88 

17'-93 

5 - 94 

l ''86 

701 

22'97 

6 - 44 
21-88 

5-46 

24-88 

21-59 

4-69 

l '-75 

7 - 27 

19-71 

2-17 

14-47 

8 - 42 

26-66 

18-47 

6-27 

1-41 

11-68 

9-99 

4-64 

17-68 

4-84 

0-12 

19-41 

0-70 

14-16 

6-34 

1-18 

2-71 

8-28 

2-26 

17-88 

11-01 

14-64 

w- 

2’-44 


99‘96 

99-96 

98-96 

100-00 

Ash jter cent, of dry hop, . 

„ „ fresh „ 

8-07 

7-27 

6-95 

6-22 

7-21 

6-22 

6 ^ 


The bitter principle, according to some observers, is a direct cerebral 
excitant: according to others, a pure tonic. It is useil occasionally in 
mecUcine, in doses from i grain to 2 grains, and the herb producing it is 
officinal in the Continental pharraacopeniaB. . n u n rw 

8 297. dfotii—Ci„II,A (TitDSN)- (Stenhousb), C,5li„0, (E. 

Schmidt) —may be obtained by treating aloes with dilute sulphuric acid,, 
removing the deposit of resin, and evaporating to a syrup. The crystals 
thus obtained are yellow needles, soluble in water and alcohol, and posaeM- 
ing a bittei taste. The amount of crystallisation water vanes from 6-89 
to 14'29 per cent.; if anhydrous, the melting point of the crystals is from 
70” to 80^ [146° to 148° F.l; if hydrous, sulphuric acid colours it first red, 
then orange, and it is dissolved by caustic potash with the productKin of 
a purple-red colour. The action of nitric acid produces chrysamraie, picric, 
and oxalic acids, with the addition of carbonic anhydride; that of zinc 
dust, methylanthracene and anthraquinone. . 

§ 298. Cnicin, C^jIImOi^, was discovered by Nativelle m the leaves of 
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the Onieta Imtediclus; it is found also in the Cmtaurea caleitrapa, and in 
other composite plants It forms transparent silky crystals, neutral, with¬ 
out smell, of very bitter taste, melting at a high temperature, but not 
subliming. Its solution turns the plane of polarisation to the right [a] r 
= l.W''6t!. It is scarcely soluble in eold water, more so in boiling, soluble 
in all proportions in alcohol and wood spirit, almost insoluble in ether. 
Cold sul]thnrio acid gives with cnicin a red soluthm, becoming violet on 
the addition of water, and yellow on the addition of ammonia. Cold 
coneentratod hydrochloric fieid dissolves it with the production of a green 
colour; on heating, brown drops separate, which solidify into a yellow 
rosin. 

§ 299. Ddjihnin, Cj^IIjuG,,-!- 2 H 2 O, a crystalline principle discovered by 
Vanquelin, 1817, in the lairk of the Dajihue aljiina, L., and D. mezeroMm, 
U It forms long rectangular prisms, or fine needles, and ciystallises with 
two atoms of water. Its reaction is neutnil, its taste bitter. When 
anhydrous it molts at about 200° to a colourless Iluid, whuih again becomes 
crystidiino on cooling ; it the heat is continued, it sublimes as 3 : 4 dioxy- 
cumariu (daphuetin). This substouce juesents itself in fme, colourless, 
rhombic prisms, melting at 25!)°; it has a bitter taste, with a weak acid 
reaction, and is easily soluble in Imiliug water, with the produetion of . 
)'ollow colour; it dissolves also in boiling alcohol, but is very little snip'’ 
in ether. 

llaphnin dissolves slightly in cold water, easily in hot; it is also very 
soluble in hot alcohol, but is not dissolved at all by ether. In solutions of 
the caustic and the carbonated alkalies it dissolves with the produetion of 
a yellow colour, and is also easily soluble in acetic acid. On lio'diug with 
a dilute acid, (hvphnin breaks up into daphnetin and sugar, and eraidsin 
and fermentation with yeast have a similar effect. An a(]ucous solution of 
chloride of iron produces, when cold, a blue colour, and if the liquid is 
boiled, a dark yellow precipitate. Nitric acid colours it red. 

§ 300. (rerdiamn, CijHjjOj, discoA'erod by Henry and Caventou in 1821, 
but first preisired pure by Trommsdorff, is found, like gentiopicrin, in the root 
of the Oentiam Iviea, L. It forms long, pale yellow, silky needles, without 
smell or taste, which may be sublimed above 300° without decomposition. 
Its solubility, according to Leconte, is as follows:—1 part requires of cold 
water 6000 parts, of boiling 3850 parts; of cold absolute alcohol 455 parts, 
of boiling 62'6 parts; of cold other 2000 parts, for solution. Conooutrated 
sulphuric acid dissolves it with a yellow colour; on dilution with water it 
separates unchanged; on being boiled with dilute sulphuric acid there is 
no change. If treated with pui-e nitric acid (1'43 specific gravity) a dark- 
gi-een solution is obtained, and on adding water carefully dinitro geiitianin, 
Ci,Hj(N 03 )j 05 -t- ILO separates out as a green powder. If similarly treated 
with strong nitric acid, and subsequent addition of water to the solution, 
yellow microscopical prisms are separated, probably trinitro-gentianin. 
Geutianin reduces nitrate of silver. 

§ 301. Geniiopierin, CjjIlj^Oij, first prepared pure by Eromayer in 
1862, is a glucoside found in the fresh root of the Gentiana Itdea, crystal¬ 
lising in eolourless needles, with one molecule of water of crystallisation. 
The crystals effloresce in the air, and lose their transparency, becoming 
white and opaque. The anhydrous crystals melt between 120° and 126° to 
a brown fluid, which coagulates amor{)hously, and at higher temperatures 
is fully destroyed. Water dissolves, it easily, but it is insoluble in absolute 
alcohol and in ether, though, oh the other hand, weak alcohol is an excellent 
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solvent for it. One of the best tests for its presence is the action of con¬ 
centrated sulphuric acid, giving in the cold a colourless solution, but 
producing with slight warming a carmine-red colour, aud precipitating on 
the addition of water in grey flocks. It reduces an aimnoniaoal solution of 
silver nitrate, and on boiling with dilute sulphuric acid splits up into sugar 
and gentiogcuin. 

Oentiogenin, is an amorphous, yellow-brown powder, of neutral 

reaction and bitter taste, not easily soluble in cold water, but dissolving 
readily in alcohol and ether. 

§ 302. Meayanthin, a gluooside obtained pui'O by Ludwig and 

Kroinayer in 1861 from the Meuyantlien infolMa, L. As hitherto 
prepared, menyauthin is an amorphous, tcrebinthinatc mass, becoming 
slowly solid on drying over sulphuric acid. It has a neutral reliction, 
and its taste is strongly and purely bitter. It softens at 60° to 66°, and 
melts at 100° to 115° to a thin, clear fluid, which again solidifies to a hard 
transparent mass; by stronger heating it is entirely destroyed. Concen¬ 
trated sulphuric acid gives with it a yellow-brown colour, which on standing 
becomes violet-red, and grey flocks are separated on the addition of water, 
lly heating with dilute sulphuric acid it splits up iuto sugar and 
Wnyanthol. 

ixeiMtnyanlM is an oil having an acid reaction, and an odour like that of 
'■f of almOpds; it is changed by the air (ns well as by melting with potash) 
into a crystalline acid capable of being sublimed. 

§ 303. Quimim, CijllijOj, a bitter principle, discovered in 1835 by 
Winckler, in the bark of the Quassia amara, L., and Pienma exedsa, L. It 
forms white, opaque, glittering crystals, without odour, and of extremely 
bitter taste. On heating, it mclte and solidifies as a transparent yellow 
mass; at decomposition temperatures it burns like resin, if exposed to the 
air. Tannic acid precipitates it from an alcoholic solution in thick, white 
flocks ; cold concentrated sulphuric acid dissolves it, without tlwi production 
of colour; and on dilution with water it is apparently precipitate without 
cliangc. 

§ 304. TAe Ash of Beer. —The ash of beer contains the mineral con¬ 
stituents tliat previously existed partly in the water, partly in the hop, and 
partly in the malt used. It would appear tliat the ferric oxide, a certain 
proportion of phosphoric acid, a small portion of the lime and magnesia, 
with a great part of the silica, remain undissolved, and do not puss iuto 
the beer; the rest are dissolved. 

The following table gives the average composition of the beer ash of 
commerce;— 


Potash,. . 

Soda, . 

Lime, . 
Magnesia, 

Iron oxide, . 
Sulphniio acid, 
Phusphorle oeid, 
Chlorine, 

Silica, . 


Beer Ash. 
S7“22 
8-04 
1'93 
6-51 
traces 

1- 44 
S2'09 

2- 91 
10-82 


Table XLVL may be also useful, showing analyses of ash by Walz and 
Dickson (“Diotionaiy'of Chemistry, Arts, and Manufactures,” edited by 
Vinoentl. 
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§ 305. Analym of Beer .—The ordinary full analysis of beer determines— 
(1.) The alcohol. 

(2.1 The carbonic acid. 

(3.) The volatile and fixed acids. 

(4.) 'Iho percentage of malt extract, and, if necessary, its composition. 
(5.) The hop resin and glycerin. 

(6.) The nature of the bitter used. 

(7.) The general eomjKisition of tbo ash, and OBj)Ocially the amount of 
chlorine. 

(1.) The aJruIwl is found most accurately by the distillation f)roces8 
described at p. 387, but it is often determined in the following miMincr:— 
Sliake up the beer in a fiask, so as to deprive it of ns mucli carbonic acid 


TABI.K XLVL—Asu or Kbehs. 



Lotidoii 

Kocr. 

Jk'er. 

Speyer 

Jteisr. 

8ci»tch Ale, 

14 Samples. 

Kentcii 

Povt-er, 

2 Hamph'fl. 

Dublin 

Porter, 

lAmduii 

Ptirtei’, 

C Samples. 

r*ota8h, . . 
Soda,. . . 
[/inu', . . 

BllHglli'ttilt, . 

Sulpliuric ) 
acid, . j 
Ohloriue, . 
Silica, . . 
Phosphoric | 
acid, . t 

38'36 
7-8S 

2- 45 

3- 78 

1- 36 

2- 75 
0-87 

33-70 

36-58 

9-83 

1-48 

0-64 

1-68 

3-14 

9-96 

31-69 

37-G8 

2'h8 

4-66 

2D6 

2-14 

10*29 

33-19 

3- 2-29-8 
-20-9-38-0 

0-2- 2-0 
0-1- 0-6 

1-6-19-2 

4- 3-18-20 
4-6-19-1 

6-0-20-7 

18-9-20-9 
33 S-38-8 

1- 3- 1-6 
0-2- 1-4 

2- 2- 6-4 

7-4-11-4 
13 3-18 -6 

12-2-18-8 

21-4-32-0 
24-0-42-7 
08- 1-0 
0-2- 1-2 

2-8-in-i 

6-9-10-1 

6- 9-19'7‘ 

7- 9-20 0 

‘21*8 \ 

0*8 

0*1 - 1*2 

1-H -12*2 

(5-5 -U-6 
8*25-19*7 

9*3 -20*6 

j 100 00 

ino-oo 

100 00 

1 

1 




as possible, then take the siieoific gravity at IS'^S, and boil a third of the 
beer away in an open beaker. Make up the boiled beer to exactly the 
original quality again, take the si)ecifio gravity, and calculate as described 
at p. 387. 

(2) The ciirJionir aM, which the beer holds dissolved is most readily 
estimated by placing 100 c.c. (or any convenient quantity) in a flask in 
connection with a mercury pump; oolleeting the gases, and estimating the 
carbon dioxide in the usual way by absorbing it by caustic potash, and 
measuring the volume of gas before and after absorption. Another method 
is as follows:—A flask provided with a caoutchouc stopper, and carrying a 
tube twice bent at right angles, is connected with a smaller flask, containing 
strong ammonia water free from CO^ into which the tube dips. This 
second flask must also carry a caoutchouc stopper, which should be doubly 
perforated, the one hole for the tube already mentioned, the other provided 
with a short, wide tube, jxioked with glass wool moistened with-ammonia 
water. The beer must first be gently warmed and ultimately boiled, when 
the wliole of the carbonic acid is absorbed by the ammonia. A sufficient 
quantity of- a solution of calcium chloride is now added, the liquid boiled 
until all free ammonia is expelled, and the calcium carbonate tlmwn on a 
filter and washed. Lastly, the washed calcium carbonate is dissolved in 
either standard or decinonnal acid, according to the'quantity, a little cochi¬ 
neal solution is added, and the acid titrated back 2 c.o. of decinonnal 
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acid equal 10 mgrms. of carl)onate of lime, or 4'4 ingrms. of COj. This 
simple process is applicable to all liquids from which carbonic anhydride 
can be expelled by boiling. 

(3.) VoMih and Fireil Aeids.—'Vhe acetic acid is obtained by distilling 
the beer nearly to dryness, and estimating the acidity of the distillate by 
decinormal solution of soda. Should the residue in the hask or retort be 
still acid, a little water should be added, and the distillation again continued 
to dryness; any acid now remaining is certain to be a fixed acid, probably 
lactic. It may be estimated by titration, and returned as lactic. The 
eiiuivalcnt of anhydrous lactic acid is 90; hence 1 o.c. of d. n. soda=9 
mgrm" /)f lactic acid. Should it be specially necessary to determine the 
perce^ ■'f lactic acid a sufficient quantity of beer—say 300 c.c.- is 
taker "d to a small bulk, diluted with water, filtered, and mixed 

''uric acid ; jiure carbonate of baryta is now added, and 
tlie w, ; ''on the water-bath for some time. The liquid is then 

freed from '"J ^cipitate of sulphate of baryta by filtration, and the pre¬ 

cipitate well wai'hod with hot water. This flltote is evapiiratcd to a syrup, 
and treated, when cold, in a tube or separating-funnel with a mixture of 
one part of sulphuric acid, one of water, one of alcohol, and ten of ether; 
#0 ethereal layer is separated in the usual way, and evaporat^. The 
;r^o acid thus obtained is still impure, and it is best to dissolve in water, 
-■aturate ^yith freshly-precipitated carbonate of sine, and estimate as zinc 
lactate, the latter containing 64'49 per cent, of anhydrous lactic acid. In 
most cases, however, the error will not bo great, if the total acidity of the 
beer is taken directly without distillation, and returned as acetic acid. 

(4.) The Malt Kctraet.—The extract of beer can be determined by 
evaporating down a carefully measured quantity, and weighing the dry 
residue. In older to do this with any approach to accuracy, the smallest 
ijossible quantity should bo taken—D c.c. or 6 grms. is quite sufficient. 
This small quantity, spread out as a thin film on the bottom qf a tolerably 
capacious platinum dish, can be thoroughly dried over the water-bath m 
two or three hours, while if such quantities as 25 c.c., 50 c.c., or 100 o.c. 
are taken, to get the extract completely dry is very tedious, and usually 
requires a higher temperature tlian 100“. It is, however, found in practice 
much more convenient to di^penso with this drying altogether, the alcohol 
and carbonic acid being driven off, as before described, the beer made up to 
its first bulk, the specific gravity taken, and the amount of malt ext^t 
determined by the aid of the following tables. If the beer has been distill^, 
the residue in the retort or flask can be made up to the original bulk, 
brought to the proper temperature, and treated as just described. 

The alcoholic strength, the acetic acid, and the amount of malt extract 
being known, the analyst can now give a fairly approximate e^lnmte of 
the amount of malt originally used in the brewing of the beer. To do tlus 
it is necessary to calculate the ‘ original gi-avity ’ of the beer, tte specihc 
gravity of the alcoholic distillate (or, if an indirect process has been used, 
the spMifi'- gravity of the alcoholic strength) subtracted from 1000, gives 
a number called the ‘spirit indication.’ The degrees of gravity lost are 
then ascertained by the aid of the following tables, using the first if the 
beer has been distilled, and’the second if the evaporating process has been 
used. The degrees of gravity thus found arc added to the specific gravity 
of the boiled beer, and the number thus obtained is called ‘the ongmal 
gravity of the wort.’ On reference to Table XLVIL, the amount of malt 
extract is determined, which corresponds to this original gravity. 
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TABLE XLVII,— SrKriFHj Gkavity and Strknqth of Malt Extract. 


tiravity. 

Mttit 

Kxtract. 
Fur cuut 

HpeclQo 

Gravity. 

Malt 
Kxtraut. 
Per cunt. 

Hpecifle 

Uiurity. 

Mait 
Extract, 
l^ur emit 

BpeviOc 
<irai ity 

Matt 
Extract. 
Per cent. 

1,0000 

0,000 

1,0057 

1,426 

1,0114 

2,860 

1,0171 

4,275 

1,0001 

025 

68 

460 

115 

876 

172 

800 

« 

050 

59 

476 

116 

900 

173 

825 

3 

076 

1,0060 

500 

117 

925 

174 

350 

4 

100 

61 

526 

118 

950 

175 

376 

5 

125 

62 

6.60 

119 

975 

176 

400 

6 

150 

63 

.676 

1,0120 

8,000 

• 177 

425 

7 

175 

64 

600 

121 

025 

178 

460 

8 

2(>0 

65 

625 

122 

050 

179 

476 

a 

225 

66 

650 

123 

075 

1,0180 

500 

1,0010 

250 

67 

675 

124 

100 

181 

626 

11 

276 

68 

700 

126 

125 

182 

6.60 

12 

300 

69 

726 

126 

160 

183 

675 

18 

325 

1,0070 

760 

127 

176 

184 

600 

14 

350 

71 

776 

128 

200 

186 

626 

16 

375 

72 

800 

129 

225 

186 

660 

16 

400 

73 

825 

1,0130 

260 

187 

676 ,(• 

17 

425 

74 

850 

131 

276 

183 

7 oa > 

18 

450 

75 

875 

132 

800 

189 

72 . K . 

19 

475 

76 

900 

133 

825 

1,0190 

750 

1,0020 

500 

77 

926 


360 

191 

776 

21 

625 

78 

960 

m 

376 


800 

22 

560 

79 

976 

136 

400 


S25 

28 

676 

1,0080 

2,000 

137 

426 


. 850 

24 

600 

81 

026 

138 

460 

195 

876 

25 

625 

82 

050 

1?9 

476 

196 

900 

26 

650 

83 

076 

1,0140 

500 

197 

925 

27 

675 

84 

100 

HI 

62.; 

198 

960 

28 

700 

85 

125 

142 

660 

199 

976 

29 

726 

86 

150 

143 

676 

1,0200 

5,000 

1,0030 

750 

87 

175 

144 

600 

201 

025 

31 

776' 

88 

200 

145 

626 

202 

060 

82 

800 

89 

225 

146 

660 

208 

076 

33 

825 

1,0090 

250 

147 

676 

204 

100 

" 84 

860 

91 

276 

148 

700 

206 

126 

35 

876 

92 

300 

149 

726 

206 

160 

36 

900 

93 

325 

1,0150 

760 

207 

176 

87 

925 

94 

360 

161 

776 

208 

200 

38 

950 

95 

376 

152 

800 

209 

2^6 

39 

975 

96 

400 

153 

826 

1,0210 

260 

1,0040 

1,000 

97 

425 

164 

860 

211 

276 

41 

025 

98 

450 

165 

876 

.. 212 

300 

42 

060 

99 

476 

166 

900 

218 

325 

43 

076 

1,0100 

500 

157 

825 

214 

350 

44 

100 

101 

626 

158 

950 

216 

876 

46 

126 

102 

560 

169 

976 

216 

400 

46 

160 

103 

676 

1,0160 

4,000 

217 

. 426 

47 

176 

104 

600 

161 

026 

213 

450 

48 

200 

106 

626 

162 

060 

219 

476 

49 

225 

106 

660 

163 

076 

1,0220 ■ 

■ 600 

1,0060 

250 

107 

676 

164 

100 

221 

626 

61 

276 

108 

700 

166 

125 

222 

650 

62 

800 

109 

726 

166 

160 

223 

676 

63 

326 

1,0110 

760 

167 

176 

224 

600 

64 

360 

111 

775 

168 

200 

226 

626 

66 

375 

112 

800 

169 

226 

226 

660 

66 

400 

113 

826 

1,0170 

. 260 

227 

076 
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Specific 

Gravity. 

Malt 
Kxtract. 
Ter ootit, 

Speclilo 

Gravity. 

Malt 
Kxtract. 
Per cent. 

Rpeciflo 

Gravity. 

Malt 
Extract. 
Per cent 

Specific 

Gravity. 

Malt 
Extract. 
Per cent. 

1,0228 

6,700 

1,0286 

7,122 

1,0344 

8,636 

1,0402 

9,950 

229 

726 

287 

146 

345 


403 

'976 

1,0230 

760 

288 

170 

346 

584 

404 

10,000 

231 

776 

289 

195 

847 


. 406 

023 

232 

800 

1,0290 

219 

848 

633 

406 

047 

233 

826 

291 

244 

349 

657 

407 

071 

234 

850 

292 

268 

1,0150 

681 

408 

095 

■\236 

875 

293 

292 

861 

706 

409 

119 

> 

900 

294 

316 

352 

731 

1,0410 

142 


925 

296 

341 

353 

756 

411 

166 

( 

960 

296 

865 

854 

780 

412 

190 


976 

297 

389 

355 

804 

41S 

214 

AO 

6,000 

298 

413 

366 

028 

414 

238 

241 

024 

299 

438 

357 

853 

416 

261 

242 

048 

1,0300 

463 

358 

877 

416 

286 

243 

073 

801 

488 

359 

901 

417 

309 

244 

097 

302 

512 

1,0360 

925 

418 

333 

245 

122 

304 

530 

361 

950 

419 

367 

tre>_ ^24^ 

146 

304 

660 

862 

975 

1,0420 

381 

^ , 

170 

305 

684 

363 

9,000 

421 

404 

248 

^ 196 

306 

609 

364 

024 

422 

428 

240 

219 

307 

633 

365 

048 

423 

462 

1,0250 

244 

808 

657 

366 

073 

424 

476 

251 

268 

309 

681 

367 

097 

425 

600 

252, 

292 

1,0310 

706 

368 

122 

426 

623 

253 

316 

311 

781 

869 

146 

427 

647 

254 

341 

312 

766 

1,0370 

170 

428 

671 

255 

865 

313 

780 

371 

196 

429 

696 

25« 

389 

314 

804 

372 

219 

1,0430 

619 

25? 

413 

316 

828 

873 

244 

4^ 

642 

258 

438 

816 

853 

874 

263 

432 

666 

250 

463 

817 

877 

876 

292 

433 

690 

1,0260 

488 

818 

901 

876 

316 

434 

714 

j 261 

512 

319 

925 

877 

341 

435 

738 

! 262 

536 

1,0820 

950 

378 

866 

436 

761 

268 

660 

321 

976 

879 

889 

437 

786 

264 

584 

322 

8,000 

1,0380 

413 

488 

809 

265 

609 

823 

024 

881 

438 

439 

833 

266 

633 

324 

048 

382 

463 

1,0440 

857 

267 

667 

325 

078 

883 

488 

441 

881 

268 

681 

826 

097 

384 

512 

442 

904 

269 

706 

827 

122 

885 

636 

448 

928 

1,0270 

781 

323 

146 

886 

560 

444 

962 

271 

766 

829 

170 

387 

684 

446 

976 

272 

780 

1,0330 

196 

S88 

609 

446 

11,000 

278 

804 

881 

219 

889 

633 

447 

023 

274 

828 

382 

244 

1,0390 

687 

448 

047 

275 

853 

338 

260 

891 

681 

449 

071 

276 

877 

884 

292 

892, 

706 

1,0460 

095 

277 

901 

336 

316 

398 

781 

461 

119 

278 

926 

886 

841 

394 

766 

452 

142 

279 

960 

837 

866 

896 

786 

463 

166 

1,0280 

976 

388 

889 

396 

804 

464 

190 

281 

7,000 

389 

418 

897 

828 

466 

214 

282 

024 

1,0840 

488 

898 

863 

466 

288 

288 

048 

841 

468 

899 

877 

457 

261 

284 

078 

842 

488 

1,0400 

' 901 

458 

285 

285 

097 

848 

612 

401 

928 

469 

809 


28 
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Gravity. 

Malt 
Extract. 
Por ceot. 

Specillc 

Gravity. 

Malt 
Extract. 
Tor cent. 

Hpccilic 

Gravity. 

Malt 
Extract. 
Per cent. 

RpeciOc 

Gravity. 

Malt 
Extract. 
Per cent. 

1,0460 

11,333 

1,0518 

12,714 

1,0676 

14,096 

1,0684 

16,464 

401 

367 

619 

788 

677 

119 

635 

488 

462 

881 

1,0520 

761 

578 

142 

636 

611 

408 

4U4 

621 

786 

679 

166 

637 

534 

464 

428 

622 

809 

1,0580 

190 

638 

657 

46ri 

452 

523 

833 

581 

214 

639 

581 

400 

476 

624 

867 

582 

238 

1,0640 

604 

407 

500 

626 

881 

683 

261 

641 

627 

400 

523 

626 

904 

584 

285 

642 

650 

469 

647 

627 

928 

685 

309 

643 

674 

1,0470 

671 

628 

952 

586 

333 

644 

697 

471 

595 

529 

970 

687 

367 

645 

721 

472 

619 

1,0630 

13,000 

688 

381 

646 

744 

473 

m 

631 

023 

589 

404 

647 

767 

474 

666 

532 

047 

1,0590 

428 

648 

790 

475 

690 

633 

071 

691 

452 

649 

814 

476 

714 

584 

095 

592 

476 

1,0660 

837 

477 

738 

635 

119 

693 

600 

651 

86 (^ 

478 

761 

536 

142 

594 

6J3 

6.52 

880 Vv 

479 

785 

537 

166 

696 

647 

653 


1,0480 

800 

586 

190 

696 

.671 

664, 

980 

481 

833 

'539 

214 

697 

696 

655 

963 

482 

867 

1 0640 

238 

698 

619 

666 

970 

483 

881 

641 

261 

599 

642 

667 

16,000 

484 

904 

542 

286 

1,0800 

606 

658 , 

0-^8 

465 

928 

548 

309 

001 

690 

6-.9 

040 

486 

9:*2 

644 

333 

602 

714 

1,0660 

070 

487 

986 

646 

367 

603 

738 

661 

093 

488 

12,000 

646 

381 

604 

761 

662 

116 

489 

023 

647 

406 

605 

785 

668 

139 

1,0490 

047 

648 

428 

606 

809 

664 

162 

491 

071 

649 

462 

607 

833 

665 

186 

492 

095 

1,0660 

476 

608 

867 

666 

209 

493 

119 

661 

600 

609 

881 

667 

232 

. 494 

142 

662 

528 

1,0610 

904 

668 

266 

495 

160 

663 

647 

611 

928 

669 

278 

490 

190 

664 

671 

612 

962 

1,0670 

302 

497 

214 

656 

506 

613 

976 

671 

325 

498 

238 

666 

619 

614 

16,000 

672 

343 

499 

261 

657 

642 

616 

023 

673 

871 

1,0500 

285 

668 

666 

616 

046 

674 

896 

501 

309 

669 

690 

617 

070 

675 

418 

602 

333 

1,0660 

714 

618 

098 

. 676 

441 

503 

357 

561 

788 

619 

116 

677 

464 

504 

381 

662 

761 

1,0620 

189 

678 

488 

505 

404 

663 

786 

621 

162 

679 

611 

500 

428 

664 

809 

622 

186 

1,0080 

684 

507 

452 

666 

838 

623 

209 

681 

667 

508 

476 

666 

867 

624 

282 

682 

681 

509 

600 

667 

881 

626 

255 

683 . 

604 

1,0510 

623 

668 

904 

626 

278 

684 

627 

611 

647 

669 

028 

627 

802 

685 

660 

512 

671 

1,0670 

962 

626 

826 

686 

674 

513 

595 

671 

976 

629 

348 

887 

607 

614 

619 

672 

14,000 

1,0030 

871 

688 

721 

616 

642 

678 

028 

631 

396 

689 

.744 

616 

666 

574 

047 

632 

418 

1,0690 

787 

517 

690 

676 

071 

633 

441 

691 

790 
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TABLE XLVn .— 


SpeoMo SpocWd Speciflc , J}"'* apcciflo 

iXi. “SSt. 


1,0692 16,814 

693 


1,0707 I 17,168 
181 




296 1,0720 


Degrees of 
spirit 
IiiiilcatioD. 



1*2 

4-1 I 4-4 
7'8 



1-8 2-1 2-4 2-7 

6-1 I 6-6 I 5’9 I 6'2 
9-4 


TABLE XLIX.— Fok TJsk if the Etafobatioh Process is Adopted. 


Degrees t>f I j 


1 

1 1 



spiilt -0 -1 

•s 

•3 i -4 

•6 1 -6 ! -7 

■8 

■9 

IndltmtiuH. 1 

; : 



1 1 







































































TABLE L.— Fok Abobbtaiking tub Vaidb of Acetic Acid. 




OoltUHSPONPING DlMiVBKy Olf BPIKtT IMUIOATIOM. 



Exetms Tier cent. 






















In the Beer. 

•00 

01 

•02 

•03 

•04 

•06 

•06 

•07 

•08 

■09 

•0 


•02 

•04 

■06 

•07 

•08 

•09 

•11 

•12 

•18 

•1 

•14 

•15 

•17 

•18 

•19 

•21 

•22 

•23 

•24 

•26 

•2 

•27 

*28 

•29 

*31 

•3-2 

•33 

•34 

•35 

•37 

•38 


-.39 

•40 

•12 

•43 

•44 

•46 

•47 

•48 

•49 

•61 

•4 

-.62 

•63 

•56 

•60 

*57 

•59 

•60 

•61 

•62 

•64 

•5 

•65 

•66 

•87 

•69 

•70 

•71 

•72 

•73 

•75 

•76 

•6 

•77 

•78 

•80 

•81 

•82 

•84 

•85 

•86 

•87 

■89 

-7 

-90 

■91 

93 

•94 

•95 

-97 

•98 

•99 

I’OO 

1-02 

•8 

1-03 

1-04 

1-05 

1-07 

1-08 

1-09 

1-10 

1-11 

1-13 

l‘U 

•9 

i-if. 

1-16 

ri8 

V19 

1-21 

1-22 

1-23 

1-25 

V26 

1-28 

1-0 

1-29 

1-31 

1-33 

1-35 

1-36 

1'37 

]'88 

1-40 

1^41 

1-42 


From the malt extract the amount of malt used is calculated, 32'0 of 
malt etiualling 21-0 of extract; or, instead of referring to the malt extr^-'J 
tables, 1000 may be subtracted from the original gravity, and the remaiiuJf>>_, 
multiplied by •026, which will eiimil the. total amount of malt extraot^W^.^ 
gallon in pounds weight. 


Examples, 

(1.) An ordinary Mild Ale. 

Sporiflc gravity of alcoholic distillate . 
Spirit indication, , 


1000-0 

993-6 


8-4 


This spirit indication, on reference to Table XLVIIL, equals 26-0. 


Gravity of boiled beer,.=1014-2 

Add,. 26-0 


Ori;pnal gravity, . . . . 1040-2 

Now, on reference to Table XLVII., 1040-2 correspond to 9-960 parts of 
extrsict in 100, or -9960 lb. per gallon. 


Or, if from the original gravity, . , . . 1040-2 

Be Hubtracted.1000 

And the number obtained ..... 40-2 

Be multiplied by.• . . -025 

Tlie product equals . .... 1-006 

which does not materially differ from the amount obtained from'.the tables. 

(2.) A beer, by the evaporation process, indicated 0-1 per cent, of 
alcohol. On reference to the specific gravity table (Table XL.), p. 380, 
the specific gravity corresponding to this strength is -9896. 

1000-0 

689-8 


Spirit indieatian 


10-4 
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This, aooordiug to Table XLIX., corresponds to 47T ; 

The gravity of the boded boor was . . . 1016'2 

Add ... . . . . 47-1 

Original gravity, . . , 1063'3 

corres])ouding, according to Table XLVll., to T6441 lbs. of malt extract 
to the gallon. The amount of malt used in the two examples is found thus— 

( 1 .) _;9fl50_x_8M 1 _,. 5 ,^ 

( 2 .) 1:M41_xJM'^2.j 528 n,a. of malt to the gallon. 

If the freer should have a somewhat largo proportion of acetic acid (as 
in old and hard beers), it will be necessary to take into account the loss of 
gravity by acetic acid. Tliis complicates the calculation, and is only 
occasionally required. 

» The loss of gravity by acetic acid is obtained by the use of Table 
1'*'^ list us suppose '36 per cent, of acetic acid to have been found in 
Vamplq 1; from this subtract TO per cent., the amount which may be 
taken as incidental to healthy fermentation, and allowed for in the table. 
Thus, 

Total acetic acid present, , ... '36 

Dedoct,. '10 

a _ 

Acetic acid to lie taken account of, . . . '26 

This '26, according to the table, equals '34, the numlicr to be added to 
the spirit indication. 

• 

Spirit indication from alcohol, , . . 6'4 

„ ,, from acetic acid, .... '34 

Total spirit indication, . , 6'74 

The rest of the calculation is ns liefore. 

It may be desirable to examine the malt extract further, and specially 
with a view to ascertaining whether grape sugar has been used in place of 
malt or not This may be done, according to Haarstick, by taking advan¬ 
tage of the fact that most, perhaps all, of the grape sugars of commerce 
contain B^champ’s amylin, a substance of great rotatory power, and one, 
moreover, not destroyed by fermentation. 

The samples of beer were examined by Hanrstick as follows:—>1 litre of 
beer was evaporated to a syrup, to which alcohol of 90 per cent, was added, 
drop by drop, from a burette with constant agitation, until a volume of 
about 300 JC.C. bad been used. The separation of dextrin was eompleted 
with 95 per cent, alcohol, until the filtrate did rot show the least turbidity 
when mixed with an equal bulk of 96 per cent, alcohol. The mixture was 
then left at rest for twelve hours, filtered, and the greater part of the 
alcohol distilled off. The remainder was evaporated to dryness on a water- 
bath, the solid portion dissolved in distilled water, and the solution diluted 
to a litre, and fermented with yeast at 20°, until ail the sugar had been 

‘ Or, of oouTBC, the factor s: l‘S24 may be used, and then the two equatimis are as 
follows'.-(1.) '696xl'624=A'6H, and(2.)l'5441xl'624 = 2'S6S2. 
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lestroyed. The fermentation was completed on the fourth day, and the 
result of the process was, that beers prepiired without grape sugar gave a 
iolution of no rotatory power, while those proi)ared with grape sugar turned 
the plane of polarisation 2°‘0 to 3°'4 to the right, as observed in Hopiie’s 
icalc. 

(6.) T}ve Hop Hexm and dHyrerin. —Griessmayer' estimates the hop 
rosin and glycerin by concentrating the beer to one-third of its bulk, and 
shaking it up with petroleum ether; this, on separation and evaporation, 
leaves the hop resin. The liquid, now freed from hoj) constituents, is 
made alkaline by baryta water, or, better, by barium alcoholato, and shaken 
up several times with a mixture of two parts of alcohol and three of ether; 
the latter, on being separated and evaporated in the usual way, loaves the 
glycerin. 

Clausnizcr^ gives, as the result of his elaborate experiments on the 
various processes for the estimation of glycerin, the followmg method, 
which would appear to bo the best hitherto published: 50 o.c. of beer are 
warmed on the wator-lmth to get rid of 0().„ and then mixed with 3 grms. 
of hydrate of lime and evaporated to a syrup; 10 grms. of powdered 
marble are then added, the mass frequently stirred, and the whole dried 
on the water-b.atli. The dish with its contents is now weighed, and 
iliquot part (about two-fifths to three-quarters) put iu the oxtraotiS*, 
ipparatus figured at p. 50, and exhausted with 20 c.c. of alcohol of 80 to 
90 per cent. The alcoholic extract (now about 15 c.c.) is mixed with 25* 
s.c. of anhydrous ether, the precipitate separated, and the cther-alcohcd 
received into a weighed flask, the precipitate also being wasiqid with 
alcohol-ether [2:3], The almost colourless filtrate is freed from alcohol 
and ether by very slow evaporation. Lastly the glycerin is dried at 100° 
until in two hours no more than 2 mgrms. are lost. This process will take 
from two to four hours for normal beer, from four to six for beer to which 
glycerin has been added. It may be well to bum up the glycerin and 
subtract the ash found. Clausnizer gives the percentage of glycerin in 
common German beers as follows:— 



Alcohol. 

Extract. 

Glycerin.* 

Wagi'uing’B Hockbior, 

SI 

6-4 

■208 

M Beer, 

. . 3-0 

6-2 

■206 

Ehine beer,* 

. . 2-8 

8'9 

•237 

Bavarian b^r, . 

4-4 

6-0 

•22C 

»> i» • • 

. . 3-7 

4-6 

•264 


pi’ (6.) 7^1* Nature of the Bitter used .—This is the most difficult part of 
the investigation, and requires a very considerable amount of practical 
knowledge. Occasioually, if the beer is put in the tube figured at p. 407, 
small fragments of quassia, calumba, and similar substances will be observed 
to sink to the bottom as a sediment, and may be detected microscopically; 
indeed, it is probable that were it possible to obtain the sediment from the 
beer casks, many foreign matters might in this way be detected. 

’ Itsr. d. d. chum. OcHclIe., xi., 292, 298. '' 

Clausnizer, F.; Zur Glycerine Beetmunung in Bier. Zeitschrijt fitr analyHselis 
Clum., XX., 80. 

* K. Borgmsnn [Zeitsehr. ami. Ohm., xxii, 683, 634) givee very different results, 
for in the examination of a large number of beers, both German and English, he found 
the ratio of alcohol and glycerin to average 100 alcohol; 1'8 glycerin—tlie extremee 
arc and IjP^. Glycerin can be estimated in boor >l 80 by Wanklyh’a procese 

V, 300 and p, 456), 
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In most cases it is snftioient to use some of the special processes here¬ 
after described, and restrict the inquiry to proving the absence of picric 
acid, of piorotoxin, and of any other specially noxious substance which 
may be suspected. Shoidd, however, the analyst desire to examine the 
beer generally for various organic principles, the elaborate process as 
worked out by Drageudorfi and others, fully described in tlie work on 
‘ Poisons,’ by A. Wynter Blyth, must be usei Alx)ut 600 to 1000 c.c. 
of the beer are evaporated to a syrupy consistence, and suificient strong 
alcohol is added to precipitate the dextrin. The whole is filtered, and after 
stiuiding some hours, the filtrate, acidulated with sulphuric acid, and 
shaken up successively with petroleum other, benzine, chloroform, and (if 
saliciu be sought) nmylio alcohol. 

Or the beer may be precipitated with acetate of lead, filtered, the 
excess of lead thrown out by sulphuric acid, and treated with the solvents 
as dcsejil«)d. If inquiry bo made as to the nature of the residue left by 
those different solvents in beer simply made from hops and malt, it appears 
that— 


jot- (1.) The fieirnfeum etiiir extracts— 

Nc (o.l An amorphous, slightly bittor snhstanoc, soluble in other and alcohol, and 
^*iially‘iiw>luble iu water ; this is dohvod from both ho|)s and malt; 

(6.) A substance piccipitablo by basic acetate of lead ; and one 
(e.) Bcco/ning red by Frbhdo’s reagent; both derived fr’om the hop. 

(d.) Asuletance derived from the hop alone, becoming red with sulphutic acid and 
sugar. 

(2.) *}hrvshm extriuits the same substances, atid in addition— 

(e.) A substano.) derived from the hop, which precipitates tannin; 

(/.) A substance derived from the malt, becoming dark-brown on the addition of 
sulphuric acid. 

(3) Chloroform extracts (a.), (i.), and (c.), and also (f'), a substance 
jiartly precipitated by potassium iodide and phosphomolylxlic acid; 

(p.) A substance reducing ammoniacal solution of silver nitrate; 

(A.) A sultstance crystallisablo from other. All of those are deiivcd from the molt. 

The normal reactions of the substances being known, the following 
scheme will be found useful, always bearing in mind that few chemists, 
should they obtain any of the reactions mentioned, would conclude from 
this alone that the substance is uctuidly present. The reaction would be 
considered as an indication ordy, to be iupplemmied by other evidence. Un¬ 
less this is remembered and acted upon, the most unfoitunate errors may 
be committed by the inexperienced. The beer is most conveniently shaken 
up with the solvent in the tube figured p. 223; the ether and benzine will float 
at the top, the chloroform will gravibito to the bottom; in either case 
separation is tolerably easy. It will, however, be found a good plan, in the 
first place, to separate the liquids rather roughly—». a, to draw off the 
ether, benzine, and chloroform layers, with som.. of the adjacent liquid, to 
wash this ia the same tube with water, to withdraw the soivent from the 
water as completely as possible by the separating tube; and if this (as 
sometimes happens) is not very feasible, to evaporate the impure liquid to 
dryness in a water-bath, and exhaust the residue with the original solvent. 
The latter may be, in the first place, concentrated over hot water, and then 
portions distributed between two or three watch-glasses, and evaporated to 
dryness. 



.TOBSr IMm COMt'OSm ANAX-ym • ll 3Q5. 


I. THE ACID SOLUTION. 

PSTKOLEUM BkSIDUK. 

(a.) It is amor}>bous, colonrs sulx>hario acid first brown, then violet, and finally red 
violet Trar.e^H of Alf$in/Mn, 

(I/.) It is amorphous, coluniiess, liaviog a hot taste, reddening the skin, and colonriug 
sulphuric acid brownish-red. Traces qf Cupsidn. 

((*.) It is aiiioiphous, gi'ooii, is coloured by sulpliuric acid and sugar, and gives no 
precipitate witli ammoniacal silver solution. limn of the Junijwr berries. 

(d) It is crystalline, yellow, and becomes blood-red on warming with cyanide of 
potassium. Picric add. 

Eenzims Besidtte. 

A. Crystalline residue. 

It is not bitter; caustic potash colours it purple-red, sulphuric acid brst rod, then 
orange. AloeHn. 

B. Amor])hous residue, • 

a. The residue soluhfc inwatee i docs not trovhle or reduce gold chloride solution in 
0ie cold. 

(a.) Tannin does not precipitate the solution in water; r^idue sharp tasting. 

1 . Hulphuiicacidcolours it red brown. Ot^isidn. . 

2 . Sulphuric acid colours it brown. Da^b^. bitter, / 

(&.} Tannin precipitates the solution in water; the residue somewhat bitter. £" 

I. Basic lean ocetato causes a weak turbidity, sulphuric add and sugar scalc^^, 
redden. 

1. Iron chloride colours the watery solution, on warming, brownish-green; taste 

slightly bitter. Qeriian bitter. 

2 . Iron cliloridc colours the watery solution brown; taste peculiar, almost un* 

supportably bitter. Qrasmu, 

II. Basic lead acetate sti’ongly precipitates, sulphuric odd and sugar colour it 
gradually a beautiful cherry-r^ ; tastobitterish. Cnidn. 

h. The. rcaidw sohdtie i» -mter; not trouble eolation of gold cJUoride in the cold, 
h ut reduces it on warming. 

{a. ) Tannin cauHOs a faint turbidity in the water solution, ammoniacal silver solntion 
is not reduced. Heated with diluted sulphurio acid, an eridnoi smell is developed. 
Frblidc^s reagent colours it black-brown, sulphuric acid and sugar a beautiihil i-ed. 

Ledum hitter. 

{h.) Tannin predpitates the watery solution; ammoniacal solution of silver is roducod. 
Heated with diluted sulphurio acid, a weak smell of menyanthol is developed. 

Trifoli/um bitter. 

e. The residue soluble in water, preei^eUes in the cold chloride of gold, hut does not 
reduce it upon tmrming. Heated with diluted sulphurio acid (1 of acid to 5 of water), it 
gives a weak benzoic acid smell. Ceutaurea bitter. 

d. The residue soluble in water, precipitates in the cold chloride of gold, which tl 
reduces upon warming. Sulphuric acid dissolves it first brown, then gradually violet; 
after tha addition of water quickly a beautiful violet. Hydrochlmio add of 1 *1S5 specific 
gravity colours it first green, then a beautiful blue. .■ AbsinUdn. 


CuLosoFoEV Residue. 

A. Chloride of gold docs not predpitate, and is not reduced. 

a. Tannin mves no precipitate; the residue has a pungent taste. Sidphnric add 

colours it dark-brown rra; it roddens Uie skin. Capsicin. 

b. Tannin precipitates. 

(a.) Basic lead acetate dves a decided predpitate. Heated witli dilv^ sulphuric 
acid it is first troubled, then it becomes biK)wu-red, and develops a weak smell of 
benzoic acid. Cniein, 

I Basic acetate of lead gives little or no predpitate. 

. Sulphurio acid cdUmrf brown. 

1. ^idue bitter. 

aa. Strongly bitter. ■ Quaesiin. 

bb. Besidue somewhat Mttor. Oerd^ biUer. 

2. Besidue tasting pungent Dap^ hitUr. 
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II. SulphuHe add colours hut slighlly yelloto or not at aU. Cokci/rUh litter. 

B. Chloride of gold dues not preeijiitate in the cold, but is redueod in the wsnu. 

a. Tannin does not pieeipitatc. 

1. Intoxicati's fish, tastes bitter, Picroitmn. 

2 . Is tasteless or slightly bitter; caustic potash oolouis it red-brown. 

Comtilacnt of Aloes. 

1. Tannin precipitates. 

(«.) Ammouiacal solution of silver is redueod. Heated with dilute sulplmrio acid, 
as well as with Friilide’s reagent, there is a strong sinell of tnenyanUiol 

Menyaiitkin. 

{b.) Ammouiacal solution of silver is not reduced. With concentrated sulphuric acii 
and sugar, after long standing, a splendid carmine red develops; heated witi 
diluted sulphuric acid, as woU as with Frbhdc’s reagent, an intense eriooliu sme! 
is develo{>ed. Erieolin. 

C. Chloride of gold precipitates in the cold, and is nut reduced by the application o 

heat. Nitric acid colours violet, Coldudm. 

Heated with sulphuric acid, an odour somewhat like trifolium is developed, then tin 
solution becomes I'ed-brown, and the smell similar to bensoic acid. Cetitnuna biitrr. 

I). Chloride of gold precipitates in the cold and reduces in the warm. Sulphuric ack 
colours brown, then the solution becomes gradually dirty vi(dnt. Wonnwood Utter. 

If necessary to go further, search may bo made for the alkaloids by rendering the 
liijuid weakly alkaline by carbonate of soda or by ammonia, 
te>. 

n. THE ALKALINE SOLUTION. 

I. Residue obtained bt suaeinq ur with Bemzikb. 

(1.) It dilates the pupil. 

(o.) Platin. chloride does not precipitate the aqueous solution. A solution ii 
^phurus acid gives on warming a peculiar smell, Atro/me. 

(A) Platin chloride precipitates. Hyoseyamin. 

(2.) It doosnot dilate the pupil. 

{ft. ) The sulphuric acid solution gives with oxide of cerium or bichromate of isitasl 
a blue colour. Strychnine, 

(b.) The sulphuric acid solution gives a red colour with niitric acid solution 

Jiruevne. 

II. Residue obtained fkom shakino it up with Amylio Alcohol. —(Thi 

need only be done if salioin be suspected.) On warming with sulphuric acid am 

bichromate of potash, a smell of salicylic acid is devclojied. Salidn. 

§ 306. Dr. Adams ^ has found that the bitter of new hops is destroyec 
by boiling with dilute sulphuric acid. He operates as follows:—The beei 
is boiled, and basic load acetate solution added until on the point o: 
saturation. The boiling is continued for some time, after which the pre 
cipitato is filtered off and the filtrate is acidified with sulphuric acid anc 
filtered fiom the lead sulphate; the clear acid filtrate is concentrated to i 
small bulk, chalk is added to neutralise the acid, and the liquid agait 
filtered. The filtrate is now devoid of bitter taste, if hops alone have beei 
used. 

A second process suitable for detecting either old hopsor new is onthesami 
principles. The boiling beer is neutralised by barium hydrate, or, rather 
made adkaline. To the filtrate sulphuric acid L added until made just acid 
Then the lead treatment as in the first process is followed, and a filtrati 
ultimately obtained devoid of bitterness, if hops alone have been used, Oi 
the other hand, most bitters, such as quassia, gentian, cbiretta, and man;; 
others, are but little affected by the boiling with sulphuric acid. 

A very good process, only aiming at the identification of a fen 
principles, is recommend^ by Enders; it is as follows:— 

‘ Analytt, July, 1880. 
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Tho beer is evaporated to a syrup, tiie dextrin eepai'atcd by mixing it 
with three or four times its volume of alcohol, the liquid hltorod, and the 
sugar precipitated by ether. The liltercd ether-alcohol solution is evaj)- 
orated, the residue dissolved in alcohol, mixed with water, and precipitated 
by means of acetate of lend. Tho precipitate is filtered, the filtrate put on 
one side. The washed precipitate is thou .separated from lead by Sllj, the 
lead sulphide filtered and washed with alcohol, and the filtrate (as well as 
the alcohol Wfudiing of lead sulphide) evaporated together. Tho residue is 
dissolved in chloroform, and the solution warmed with water until all the 
clilorof'orm is driven off. Tho /top IMer, which remains insoluble, is liltercd 
off', and the filtrate eviiporated to dryness. The lupuliu in it should taste 
bitter and have an acid reaction; it is soluble in alcohol, ether, and 
chloroform ; is not jmecipitated when in solution in weak spirit by tannic 
acid, but is preciiiitated by itcetatc of lead.' Ammoniacal solution of silver 
is not reduced by it. The filtrate of the first lead precipitate is freed from 
loml by SHj, the lead sulphide filtered off'and washed with hot water, the 
exce.ss of Sll^ driven off by Wiirmiiig, and tlien tanuiu added to the filtrate. 
If no precijiitate occurs, absiuthiu, quassiiu, and menyauthiu are absent. 
Any prociiiitate is filtered, dried with carbonate of load," boiled withalcoho’/ 
evaporated, and, lastly, treated with ether. The latter agent dissol^' 
absinthin, which is also soluble in alcohol, and in much hot water; fi%s. 
tho latter solution it is precipitated by tannic acid, but not by le-ul acetate; 
it is soluble in sulphuric acid, and on careful addition of water to this 
solution a mnld-hltte colour is produced. Absinthin reduces an ammoniacal 
solution of silver. Ether leaves menyanthiit and quassiin untiissolved. 
Both are s(duble in alcohol, and the latter behaves towards tannic acid and 
ai'otiite of lead like absinthin. Menyauthin reduces ammoniacal solution 
of silver; quassiiu does not. 

Picrotoxin may bo specially tested for by some one of the following 
processes;— 

Herapath'» Proms. — Mix the beer with acetate of lead in excess; 
filter, and transmit sulphuretted hydrogen through the filtrate. Filter 
.again, concentrate the filtrate, and treat it with animal charcoal, which 
has the property of absorbing the picrotoxin. Wash the animal chai;coal, 
dry at 100 , and boil with alcohol; this dissolves out the picrotoxin, from 
which it may be obtained in tufts of crystals. 

DepuMs Proem .—Mix with one litre of beer finely powdered rock 
salt (v[hich throws down the resinous and extractive matters), and shake 
the liquid with ether; an impure picrotoxin crystallises on separating the 
other and ovajwrating it: or the beer may be simply acidulated with 
hydrochloric aeid and agitated with ether, the ether separated and evapor¬ 
ated as before. 

Schmidt's Proem. —1. Evaporate the beer in a water-bath to a syrupy 
consistence, mix it with tepid water till it is perfectly liquid, so as to 
bring the volume to a tliird of the liquid used; heat and.shake with 
animal charcoal. Let it stand several hours, filter, and heat slightly; 
precipitate by basic acetate of load, and again filter. The liquid should 
now be of a yellow wine-colour; if not, re-filter through animal charcoal. 
Add from 6 to 10 cubic ceiitimetros of amylio alcohol, and shake briskly 
several times at intervals; after twenty-four hours the amylic alcohol, 
containing the greater part of the picrotoxin, collects on the surface. The 
remainder is subsequently eliminated by fresh treatment with amylio 
alcohol. Collect the limpid layew of this alcohol, jmd leave the rest to 
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eva|K)rate sjioutanfioiiNly. On the sides of the capsule a yellowish ring 
forms, and this eoutains the j icrotoxin mixed with resinous suhstanoes. 

2. Isolation of ilw Picrotoxin. —First, dissolve the resinous product 
in u'eak alcohol, evaporate to dryness, recover by a little boiling water 
containing a small quantity of IIjSO^, lioil to expel any volatile matter, 
odd a little animal black to eliminate all extractive and resinous matter, 
and, lastly, filter. Evaporate inodorous liquid, and when a fresh hitter 
taste is developed, shake up with other; this redissolvcs tho picrotoxin, 
and collects into a distinct layer on the surface of the liquid. Treat 
again with ether, and the whole of the picrotoxin is eliminated; finally, 
the ethereal liquids are mixed, a little alcohol is atlded, and the whole is 
evaporated. Tho white or yellowish ring formed consists of picrotoxin, 
which then has only to bo dissolved in alcohol to furnish tho immediate 
principle in the form of well-defined crystals. These crystals, however, 
will not 1)0 oi)tained unless the solution be quite free from resinous 
substances; if not free, and if, for instance, the ethereal solution is of a 
yellow colour, it must be recovered with water and treated by charcoal, as 
above descril)cd. 

Schmidt wsvs able to separate by this process 0'04 grain of picrotoxin in 
■ bottle of beer which had 1)ecn adulterated with eight grains of Indian berry.' 

J . Drageudorff has n)odified tho method of Schmidt, by iiddiug an excess 
acetate of lead, precipitating this by SH^, and xvith the lead sulphide 
.■jetting rid of some colouring matter. The sulphide of lead may be 
washed and dried, and then boiled with ether, to recover any picrotoxin 
which hqp gone down with it. 

By the following process tho animal charcoal may be dispensed with 
altogetherTho boor is first evai)oratod to a syrup, then 4 to 5 vols, 
of alcohol of 90 to 94 per cent, arc added. After maceration for twenty- 
four hours at a low temperature, the alcoholic extract is svaporatod, the 
residue acidified with diluted SO^lf^, and treated several times with amyl 
alcohol or chloroform; but previously to this the fluid should be shaken 
up several times with benzine, which does not remove any picrotoxin. 
Tho rest of the process is similar to that of Schmidt. 

§ 307. Spcindl Tests for Picric Add ,—If picric acid alone should be 
sought for, the quickest way is to agitato the beer in tho separating tube, 
described p. 223, with half its volume of amylic alcohol. On separating 
and evaporating the alcohol, if picric acid be present a yellow residue will 
bo left, and can be identified by the action of potassic cyanide, as deBcril)ed 
below. It will not be worth while testing specially for picric acid, if the 
beer, on being treated with siibacctate of lead, loses nearly all its bitter 
taste; but if, on the contrary, it continues bitter, picric acid, or some other 
bitter not precipitable by acetate of leail. ia present. 

Another test frequently proposed for picric acid is to soak some pure 
wool in the beer, first gently warmed over the water-bath and acidulated 
with HCl, when the picric acid will stain the wool yellow. The wool thus 
stained may next be warmed with aqueous ammonia, tlie liquid filtered, 
concentrated to a small bulk, and a few drops of a solution of potassic 
cyanide added, when, if picric acid be present, a red colour (potassium 
isopurpurate) will be produced. Picric acid may be also recognised,- if 
present, by spectroscopic examination : the dried extract is exhausted 
either by amyl alcohol or ether, and the solution examined, comparing 
any spectrum obtained with that given by a solution of the acid. 

I 11, Schmidt; Chem. News, March 12, 1864, p. 122, 
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Tho best method, aceording to W. Flock, of detecting picric acid in 
beer, is to evaporate down, say lialf a litre of the beer to a syrup, mix the 
residue with ten times its volume of absolute alcohol, filter, wash, 
evaporate tho alcoholic solution to dryness, treat this dry extract with 
water as long as the water is coloured, evaporate down the watery extract 
to dryness, and extract with ether. The ether will contain any picric 
acid in a state pure enough to weigh, if not absolutely pure. The ether 
niivy be driven off and tho picric acid taken up by chloroform or benzole, 
and crystallised out from either of thoso solvuuts.r 

§ 308. Mr. Sorby has endeavoured to discover by spectral analysis 
differences between picric acid, gentian, calumba, and chiretta. The 
characters of the pure colouring-matters of malt and hops, when single 
and uufermented, have been already described. They are, however, 
modified somewhat by fermentation and by keeping in tho cask, and the 
following is a description of what may be found in pure beers. The 
colouring-matter is first separated by evaporating down and precipitating 
by alcohol; the alcoholic filtrate is in turn evaporated, and the residue 
dissolved in water. On now adding to this aqueous solution sodio hyfio- 
ohlorito, it becomes gradually flesh-coloured, and if it is strong a spectrum 
can l)e obtained. This spectrum is lightly shaded to C§D, then dark ^ 
DJK, afterwards vety dark; and when most advantageously seen h^ 
dark from DJE to P, then easily shaded to F^G, farther on very dari, 
and there is a broad absorption-band from EJi. If moie hypochlorite is 
added, it becomes deeper orange, and finally orange yellow. No difference 
could bo discovered spectroscopically between gentian, chiretta, t^nd hops. 
Calumba root it is possible to detect as follows:— 

A sample of pure and one of suspected beer are evaporated down. 
[A beer may be suspected if the extract is bright yellow.] Two observa¬ 
tion tubes are taken, and the pure beer diluted until it gives a spectrum 
easily shaded from DJE to EJh, then moderately dark from 6JP, 
afterwards dark. In the other tube is placed as much of the suspected 
sample as will give a colour of about equal intensity, and in both cases 
-about one-fourtli of the mixture must be alcohol, in order to avoid a 
precipitate. Sodio hypochlorite is now added to both slowly, and in about 
equal proportion; when pure, beer will become first red, and then flesh- 
coloured, with a spectrum moderately dark from 6fF to F|p, then half 
dark to F}p, afterwards dark; whilst beer confining calumba root 
is coloured orange-red, and gives a spectrum lightly shaded from D 
to DJE, afterwards half dark from DfE, then dark. Too large an amount 
of hypochlorite must not be added, or the colour is then too like that of 
pure beer. Picric acid, when in beer, gives a spectrum which is easily 
shaded from FJy to F| 3 , then half dark to about g, afterwards very dark. 
On addition of sulphuric aeid tho spectrum is lightly shaded from FJp to 
F|g, then half dark to beyond g; afterwards very dark. 

Salicglie Acid is used occasionally in brewing. If the beer, con¬ 
centrated to a small bulk, is acidified with hydrochloric aeid and shaken 
up with ether, tho latter solvent will extract the organic acid, and it may 
be identified by the colour it gives with ferric chloride, and by its physical 
properties. 

’ § 309. (7.) The Aeh .—^The analysis of the ash of beer differs in 
no degree from an analysis of ash in general, and is carried out on the 
principlM detmled, p. 93, et $eq. The substances to which the analyst’s 
* H. fleck, Oarre^mdtiUhAl. A, reretM. iff., 77. - 





attention is specially directed are—the amount of salt, the presence or 
absence of iron (often added in the form of sulphate to porter), alum and 
lead.' Of these tlie only one necessary to allude to further is the salt. 

The salt in beer is determined with sufficient accuracy by charring in a 
platinum dish the extract from 70 c.e. of beer (it is not well to bum to a 
complete asli, for in doing so there is always a considerable loss of 
chlorides). The charred mass is boiled up with successive portions of 
distilled water, filtered, and the filtrate made up to a known bulk, from 
which a convenient fractional portion is taken, and titrated witli a solntion 
of nitrate of silver (4‘79 grma to the litre), 1 c.o. = l ragrm. of chlorine, 
using as an indicator neutral chromate of potash. The chlorine found is 
calculated and expressed as common stilt, every mgrm. of salt, when 70 c.c. 
are taken, being equivalent to 1 grain in the gallon. Mr, Griffin's 
convenient measure, the soptem or one-hundredth of a gallon, may, 
of course, bo used, and grains instead of grammes—each grain measure of 
nitrate of silver being made to correspond to one-tenth of a grain of 
common salt per gallon. Should the amount thus found indicate more 
than ■'>0 or 60 grains per gallon, a second determination of chlorine should 
be made by the more accurate gravimetric method of weighing the chlorine 
‘(>^.chloride of silver. It is always advisable then to make a qualitative 
qjiantitative examination of the soluble portion of the ash; for, if 
^ffled as a witness, the analyst must bo prepared to state positively the 
^'tftnouiitjjf chloride of sodium; nor can he well do this simply from tlio 
soluble chlorine, for that may represent other chlorides besides chloride of 
sodinuL 

ThoVmount of salt derived from the hops and malt can approximately 
bo determined, as Mr. Gatehouse has shown,^—First, for the malt: by 
taking the original gravity, as before described (p. 419), obtaining thence 
the quantity of malt originally used in the beer, and reckoning the malt to 
contain ’025 per cent, of salt (and certainly no malt will be'found to exceed 
this). Then, for the hops: the possible maximum of salt in hops is -346 
per cent. The quantity used in brewing being seldom, if ever, more than 
20 lbs. per quarter of malt for bitter beer, and generally less than half this 
amount for strong beer, and this weight of malt giving at least 72 gallons, 
the salt derived from the hops cannot in bitter beer exceed 6'7 grains, and 
in strong beer 3’35 grains per gallon. 

Thus, to take the first example (p. 424), the original gravity of which 
was 1040'2, corresponding by the tables to "9950 lbs. of malt extract ^r 
gallon. Since 320 of malt equal 210 of extract, and there are 7000 grains 
in the pound— 

*9960 X 820 X -OSS x 7000 
210x100 

= 2-65 grains of salt per gallon as the possible maximum from the malt, 
the beer in question not being a bitter beer. Add to this 3-35 as possible 
maximum amount of salt from the hops— 

2'6fi from malt, 

3'35 from, hops, 

fidlO salt possible from both malt and hops. 

' Many firms now use large copper coolers, but no injurious amount of copper apjiears 
to have been as yet debxsted in beers. v 

• “ The Amount of Salt in Beer.” AiuUyat, So. 20,1877. 
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Now, if the composition of tlio water used in brewing be known, one- 
third more than the actual quantity of salt in the water present may be 
added to the number representing the salt from the bops and malt, and 
the data aro then complete for tlie analyst to form his judgment. The 
amount of salt in the water used will, however, only occasionally be known. 

The numbera used in the above calculations being constants, the process 
is shortened by sim^Jy deducting 1000 from the original gravity, and 
multiplying by '066, the result giving the salt in grains per gallon. Thus 
taking an oxam|)lo from Mr. Gatehouse’s excellent p 4 )er: *— 

Percent. 

Beer fuinid to onutnin alcohol,.. 5'2 

Malt extract.. 7'38 

Spoci lie gravity of alcohol equals 'liOll ; tiic spirit iiniiciition 

therefore rqiinla 8'S, giving an original gravity, . . .38'6 

Gravity of boiled heer,. 1030*6 


Original gravity of wort. 1069*2 

Salt due to malt alone. 69 *2 x *066 — 4 "667 

Sait due to ho|w,.3*350 

Salt due to water, unknown. 

Possible total due to malt and bops.7*917 

The amount of salt actually found lieing 8*55. 


. to 


It has been suggested that the concrete sugar so largely and le^ 
mately used by brewers sometimes contains a oonsidcrable amoimt fy 
chlorides. If samples aro found, occasionally, with more than a trace of 
chloride, it is because the sugar itself has been prepared tor the brewers; 
nor can there be any difference whether the brewer adds the salt as salt, 
or fii*8t mixes it with sugar. However, analytical proof of snllicient 
chlorides naturiilhj present in concrete sugar, to raise the salt in beer made 
from ordinary niiitcrials to over 50 grains per gallon, is wanting; and all 
the evidence in its favour has been derived from loose statements. 

§ 310. Ailulieraium of Beer mth Sugar ,—In 48 and 49 Viet., c. 51, 
Sect. 8, it is enacted— 

(1.) A brewer of boor for sale shall not adulterate beer, or add any 
matter or thing thereto (except finings for the purpose of olarifloation, or 
other matter or thing sanctioned by the Commissioners of Inland Kevenue), 
before the same is delivered for consumption, and any beer found to be 
adulterated or mixed with any other matter or thing (except as aforesaid) 
in the possession of a brewer of heer, for sale, shall bo forfeited, and he 
shall inotir a fine of fifty pounda 

(2.) A dealer in, or retailer of, beer shall not adultemt® or dilute heer, 
||z* add any matter or thing thereto (except, finings for the purpose of 
^arification), and any beer found to be adulterated or diluted, or mixed 
%ilh any other matter or thing (except finings), in the possession of a 
dealer in, or retailer of, beer shall be forfeited, and he shall incur a fine of 
fifty pounds. 

There have been a great number of prosecutions by the Elxoise under 
this Act, either for the offence of adding sugar to or diluting the beer. It 
is not practicable for the public analyst, in the absence of definite standards, 
to certify to either sugar or water, save, of course, in some extreme oases. 
The Excise authorities are able to detect sugar and water, because they 
have power to go down in the publican’s cellar and take samples of beer as 
■It bas been delivered from the wholesale house, and also of the same beer 

’ Op, eit. 








prepared for retail. The authorities are thus able to take for eneir 
standard tho undoctored beer, and to calculate the amount of water and 
sugar per barrel (36 galls.) which has been'addcd to the doctored boor. 


The Detection of Arsenic in Jieer, Sugar, and other Articles of Food. 

§311. So long ago as 1879, in the first edition of this work, then 
published under the title of “ A Manual of Practical Chemistry, the Analysis 
of Foods, and the Detection of Poisons,” attention was called to the possi¬ 
bility of the contamination of beer by arsenic in the following words:— 

“ It is possible for arsenic to be found in beers manufactured from glu¬ 
cose, for in certain kinds of the latter arsenic is occasionally discovered, the 
snl)sUinec jirobably having been introduced by tho use of an arsenical 
sulphuric acid in the process of manufacture. The darker the colour of 
the glucose, the more likely is it to be arsenical; thus Mr. Ritter found:— 

Orm. 

Ill white ghicost), . • . 0 mi 1U5 ai'senlc perkilogrm. 

Ill yiiUow „ ... O'CITO „ „ 

^ .. In block „ ... 0‘1094. ,, ,, 

Clouet, in the examination of a very largo number of arsenical glucoses, 
ifJtnd as a minimum 0‘0026 grm., as a maximiun O'OOTO grin., us a mean 
“^•OOfil-grm. metallic arsenic per kilogramme (T. Clouet, “Du glucose 
arsenical,” Ann. d’Hggv'W Puhliiim, xlix., Jan. 1878).” 

It wa# not susiieoted that the danger was more than a po.sBibility. In 
the latter part of 1900, however, a remarkable epidemic of peripheral 
neuritis, in many oases fatal, broke out in Ijancashirc and Staffordshire. 
'I’hft niimliors affected will never be exactly known, but in Manchester and 
Salford alone it was estimated th.at 3000 persons suffered. , 

In November 1900, Dr. E. S. lieynolds, suspecting the disease was due to 
arsenic, and observing that the sufferers were all beer drinkers and most, 
though not all, largo beer drinkers, had the beer at once submitted to 
careful examination, with tho result that in the beer drunk by the patients 
arsenic was discovered in dangerous proportions. 

it was next proved that tho epidemic was limited practically to persons 
who drank beer from a particular source, and farther that this beer was 
-lirowed from brewing sugars supplied by a particular Liverpool firm. 

Various samples of tliis glucose taken from breweries showed quantities 
of arsenic calculated as arsenious oxide of from ‘66 to 9’17 grains per lb. 
Invert sugar from the same source was found to contain from 1'66 to 
3'21 grains per lb. 

It was found farther that these siicars had become contaminated by 
arsenic by the use of an araenical acid supplied by a Leeds firm ; various 
speeimeus of this acid contained from 1‘4 to 2'6 per cent, of arsenious 
oxide. 

The epidemic excited such general attention that a Royal Commission * 
was appointed in February 1901, and issued a valuable first report in the 
same year, in which various recommendations were made. With regard to 
tho mode in which arsenic may gain access to beer the Commission found 
that this may occur in the following three ways 

’ "Fust Bsport of tho Royal Commission app'iintcd to enquiie into Aisonical 
I’oiBoning,” 1901. ^ , 



1. "ByvHty of Jircmng Sugare .—It an arsenical mineral acid is used In 
the manufacture of glucose from starch or invert sugar from cane sugar, 
these products are liable to he cr)ntamiiiated with arsenic. 

2. “ By my of Malt .—Orain exposed to the products of combustion is 
liable to lie contaminated with arsenic. 

.1 “ In otiter ways ,—Other ingredients of beer, such as chemical sub¬ 
stances used for various purposes, arc liable, from their mode of preparation, 
to contain arsenic, and we have found minute quantities have been in some 
instances introduced in this way.” 

§ 312. Outieit’e Test far Aramic ..—^Arseniuretted hydrogen produces a 
yellow to dark orange stain if jiassed over paper which has been treated 
with mercuric chloride; the depth of colour has a relationship to the amount 
of arscriiuretted hydrogen. 

This is the principle of Gutacit’s test. 

The method of ixjrforming the tost is as follows:—Squares of thin 
Swedish filter-paper, of alwut 4 cm. sq., are out and prepared by dropping 
on the centre of each square a largo drop of, say, a 6 per cent, solution of 
mercuric chloride; the squares arc allowed to dry, and are then rcatly for 
use. A suitable quantity of the liquid to be tested, e.g., 60 to 100 o.c., 
are acidified by adding from 5 to 10 c.o. of orsenio-freo hydrochloric 
andhairac.c. of a 15 percent, solution of cuprous chloride. A rod^^ 
some pieces) of arsenic-free sine is added, the resulting gas passed thn>^r 
sugar of lead solution and allowed to impinge upon the mercuric chlorfci. 
paper. The test may be made to a certain extent quantitative by evolving 
arseniuretted hydrogen from known quantities of arsenious acid. Mr. 
Edward Dowsard ‘has devised a very neat series of absorption cells which 
arc fitted into the neck of an ordinary flask; the cells are charged with 
lead acetate solution, and thoroughly free the gas from sulphuretted 
hydrogen; the last cell is capped with the prepared mercuric chloride 
paper. The test is not afiTocted by antimony, selenium, or tellurium; it 
is capable of detecting less than one 200th of a mgrm. of AsjOj. 

§ 313. Beimeh’s Test for Arsenic .—The test is by far the most convenient 
for detecting arsenic, whether in organic or inorganic liquids. When 
j)roperly performed it is capable of detecting with certainty less than one 
tenth of a miUigrm. of arsenic; hence it may be confidently recommended 
to the Food Analyst for the purpose of sorting out a number of samples 
into “practically arsenic free” and otherwise. 

As a qualitative test Keinsch’s method is performed as follows:—copper 
gauze or copper foil is oxidised in the air by heating it in a tube, open at 
both ends, to a gentle rod heat. The oxide film is then dissolved off by a 
||v seconds' contact with nitric acid; the copper, washed with water, 
P%en chemically clean, and should show a bright surface. A piece of 
ropper thus prepared, about 1 inch x ^ inch, is suspended by a thin 
platinum wire in, say, from 60 to 100 c.c. of the liquid to be examined, 
acidified with dilute pure hydrochloric acid, and very gently boiled for 20 
minutes. The copper is tom time to time examined, and should a dark 
brown or black stain be produced, this may be caused by sulphur, by 
antimony, by arsenic, by organic matter, and by other substances. The 
copper is washed with alcohol and with water and dried at a gentle heat. 
It is then dropped into a glass tube closed at one end, or, better still, placed 
in a -subliming cell consisting of a ring of glass closed by a circle of thin 
microscope covering glass, supported on a porcelain Crucible lid, and the 
' Journ. Chm, Soc, (Trans.), 1901. 
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copper heated almost to a dull red heat. If arsenic be present, the arsenic 
sublimes asJirsenious acid crystals. 

These crystals are for the most part regular octahedra, with, it 
may be, a mixture of rectangular prisms; irregular and confused forms 
also are not unfrequent, but, under the circumstances, a distinct crystalline 
sublimate from copper coated iu the manner described can be nothing 
else but arsenious acid. 

Should an attempt be made to make the test a quantitative one, the 
process suggested by Mr. John Clarke' is convenient. The strip of copper 
coated with arsenic is removed from the liquid and a second slip insert^. 
Tlie coated slip is washed with alcohol and then with water. It is then 
(ilaced in a mixed dilute aqueous solution of potash and peroxide of 
iiydrogen, and allowed to remain in the cold until t he him is dissolved and 
the copper has regained its original brightness. If the second slip of 
copper is stained, this is digested in the same liquid, while the hrst cleaned 
slip is gently boiled with the liquid under examination, and the process 
is repeatcKl alternately with the two slips of copper until no more staining 
is observed. The alkaline oxidising liquid is now boiled, and the simiU 
amount of CuO that may be form^ is filtered off. The hltrate is boiled 
>' to a small bulk. This concentrated liquid is washed into a small distilling 
^.’aak with strong arsenio-froo hydrochloric acid, some ferrous chloride 
,^ed, the flask flttcd with a safety tube and connected with a small worm 
— an inverted calcium chloride tube attached, and the chloride oi 
arsfliHO- astilled over. It is advisable to distil down twice with strong 
liy.lrochloric acid. Then hydric sulphide gas is passed into the distillate 
there wiir be a precipitate if more than one-tenth of a milligramme be 
present; a yellow colour, more or less deep, according to quantity, if 1 ob> 
tlifiM one-tenth be present. Even so little as one-thousandth of a milli 
gr t'iime of arsenic sulphide gives a faint yellow colour. These smal 
quantities may be estimated colorimetrically by having a comparisoi 
solution containing known small quantities of arsenious acid and imitating 
the colour in the same manner as in the Ncssler process (described in th( 
chapter on ‘Water’), 

§ 314. The /Marsh Bertdiua Proems, as recommended by the Joint 
Committee of ti^^^icty of Public Analysts and the Society of Chemica 
Industry, is a</of/^ws:— 

(1) Pu 5 (fl^-aon of Materials. , 

Acid. —The original report suggested the dilation of thi 
/. .1 cv.nre treatment, but this dilution had the effect of partially retaining 
' any ars..nio. It is now ^ recommended to use the strong acid of commerce 
to add about 6 c.c. of bromine per litre, then sulphur dioxide in excesi 
either as gas or in solution. The liquid is allowed to stand twelve hours 
and one-fifth is then distilled over. Tl'o remainder in the retort is arsenic 
free. 

Suljdmrie AcW.—Half a litre of the purest sulphuric aeti^jfMainabli 
is diluvcd with four volumes of water, a few grms. of sodium" chloridi 
added and distilled; the first 60 0 . 0 . contains any arsenic present, and ii 
rejected. 

Zinc. —Arsenic-free rino may be obtained by melting sine and adding 
sodium to the molten mass. The whole of the sodium must bo go 
rid of by volatilisation and by skimming off the scum from time to time. 

Joum. Chtm. Soe. (Trans.), 1898. 

' Analyst, Feb. 1802, xxvil, 4S, 210, 
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Mr. William TlioiiiBon, among others,* criticises the methods of the 
romujitlce for the ])nrificatioii of the two acids, lie prefers to dilute 
hydrochloric acid with one-third of its volume of water, to add one 
grin, of chromic acid per litre and to distil. The distillate is arsenic-free ; 
it, however, contains chlorine. This is got rid of by passing dry filtered 
air Ihrongh il for aliont half an hour. 

Siitiilmrir And is similarly jiurified by adding cither 1 grm. of chromic 
acid or the same i|iinntity of potassium permanganate and distilling, the 
first portion being ri'jeetod on account of possible contamination of the 
ncch of the non-tulmlaled retort in which the operation is performed. 
The distillate is arsenie.-freo. 

Apparafm .—The apparattis recommended by the Joint-Committee 
jiresents iiotliing siiccial. A 200 c.c. flask is fitted with a doubly perforated 
cork or iudiarnbber stepper or a glass stopper ground in. The one 
perforation carries a tapped funnel holding alxnit 50 c.c. and an exit tube. 
To the exit tube is fitted a wide bit of tubing carrying in succession a roll 
of blotting-paper wdiich has been so.aked in acetete of lead solution aud 
dried, a wad of cotton-wool, granulated calcium chloride, and a second 
wad of cotton-wool. To this tube is fitted a hard glass tube having ar 
oiternnl diameter of -092 inch, us in the ordinary Marsh apjiaratus. 

The oiteration is performed as follows :—20 grms. of arsenio-froc 
well washed, arc phiceti in the bottle, aud a sullieient quantity of aoitf,^ 
in to cause a brisk evolution of hydrogen. After all air has been expouiT 
an inch of the tube close to the constriction is brought to a red heat. To 
assist the distribution of the heat the tube may be convenientlyjjupported 
and protected by copper gauze. The evolution of gas is kept up by 
adding more acid from time to time, and the gas allowed to stream throji'^n 
the red hot tube for half an hour. No mirror slionld result if the materials 
are arsenic-frce. Standard mirrors are made, by taking known qua.utities 
of arseuious oxide in solution, adding tbem to the flask, and evoivi,jig the 
gas as thus described. The quantities recommended for star.'Jjards are 
•004 mgrm., -006 mgrra., ‘008 mgrm, and -01 mgrm arsenious 
acid. 

These mirrors are scaled off while the hydrogen gak {g flowing, and 
mounted on cardboard. It is pointed out by the Co^ that HCl 
gives bettor results than sulphuric acid, and that if am, acid is used 
standard mirrors must then bo made by the use of Hj.-sQ,. In other 

words, standard mirrors are not reliable, save when they produced 

under the exact conditions to be employed when testing a soiuuou 
unknown strength. 

The Committee state that organic materiids may be tested by tbe 
hydrochloric acid method without previous destruction, though it is 
preferable to destroy organic matter. 

Liquids to be tested without destruction of organic matter, such as 
beer, must be added in very small quantities at a time. 

Malt is tested by placing 50 grins, in a separator funnel furnished with 
a stopcock, and adding 60 c.c. of HCl and 50 c.c. of water warmed to 
50° C. The whole is allowed to digest for about twenty minutes, with 
frequent shaking, and then the acid solution separated. Every 20 c.o. 
contains the arsenic from 10 grms. of malt 

In a similar manner 20 grms. of hops may be tested. 

In all these oases 10 c.c. of-the liquid and 10 c.o. of HCl are added to 
* British Food Jaumal, iv., 170. 



tlio flank containing the zinc and hydrogen, and the gan is developed during 
twenty miuutea. 

If no mirror appears, another 10 o.c. are added, and so forth. 

DcstnuHtm of Orgunic Mailer. —There arc two methods—(1) destruction 
hy an acid; (2) Imniiug up the organic solid mixed with lime or 
magnesia. 

(1) Tiut Arid AM,hud .—10 grms. of the substance are placed in an 8 
centimetre porcelain crucible^ and covered with from 10 to 16 o.c. of pure 
redistilled nitric wid. The crucible is heated on a saiid-liath until all the 
acid is expelled and the crucible contains a black perfectly chan'ed and 
iiciirly dry mass; the contents of the crucible arc now extracted with a 
few c.c. of dilute HCl, the whole being allowed to digest on the water-bath 
for halt an hour. The contents are filtered, the charred mass wasliod with 
hut water, and the filtrate cunceutnitcd down to alxmt 30 c.c., co(.lud, and 
tested in the Marsh a))paratu8. 

(2) TIte Basil- Method .—^Tho materials are mixed with pure lime or 
magnesia, dried and inciucratc'd. The proportions i ( commended for such 
liquids as beer are 1 grm. for 00017 20 o.c. The ash is dissolved in 11(11, 
and the solution tested as before. The Committee do not recommend this 
method for hops. 

To prove that the mirror is due to metallic arsenic, the sealed-up tube 
is broken. The portion of the tube containing the ipirror is cut oft, the 
. Wydrngcn replarsed by air and onrefully sealed up; the sealed-up tube is 
drawn backwards and forwards through the Bunsen flame until the mirror 
disappears. On cooling, minute crystals of arsenions oxide are deposited, 
which are readily identified under the microscope by their crystalline 
form. 

The delicacy of the test is, with quantities of 20 grms. or 20 c.c., one 
jrart of ameuious oxide in 7,000,000. 

§ SI.'). Mr. William Thomson has iutnxluced various^modifications into 
the method of the Committee. IClootrolytic zinc, usually contaminated 
with iron, is granulated, treated with acid, and the feathery portions (which 
do not become black on the surface when treated with an acid, and yield 
very little oft'ervesceiice) are picked out. These feathery portions are, as a 
rule, free from iron and arsenic. 

On the addition of an acid the evolution of hydrogen is slow, but to 
remedy thi^.jjcfect Jfc ^Thomson adds a small quantity of sulphate of 
jilflm, which,^ ^,)lectrolytio action, produces a brisk stream of 

He uses a smaller flask (60 c.c.) than that recommended by the 
Committee, and instead of a tap grinds the end of a solid rod into the 
thistle tunnel (see fig. 66a). The gns passes over blotting-paper which has 
been soaked in lead a(«'tate solutiuu and dried in a similar way to that 
recommended by the Committee. 

In testing beers and organic solutions generally, be destroys the organic 
mat' er as follows:— 

60 c.c. of beer are evaporated to a syrup in a 200 c.c. Jena glass flask 
and 25 cn. of strong pure nitric acid, and 5 c.c. of strong sulphuric acid are 
added. The whole Is heated cautiously on a sand-bath, the fumes being 
sucked through a solution of sods by means of a water pump. When the 
liquid darkens, successive quantities of 3 o.c. of nitric acid are added until 
the fluid is colourless and fumes of sulphuric acid are given oft’. 

The liquid is cooled, 10 o.c. of water arc added, and the liquid is boiled 



n order to break up the uitro »nli)huric acid formed. The liquid is then 
jooled, diluted with 10 o.o. of water, and delivered into the 15er«;liu8-Marsh 
ippuratuB. 

Shindard mirrors are made in the usual way, strictly following out the 
Jotails laid down. A photographic representation of Mr. Thomson’s 
Mirrors are appended (see flg. 66fc). 
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§ 31C. Bemtrop't Method. —J. C. Bemtrop' has proposed the following 
process;—To a litre of the beer add a few drops of bromine, and allow to 
stand twenty-four hours. Then make the beer strongly alkaline with 
ammonia, add 6 o.c. of a saturated solution of sodium phosphate and 10 
C.O. of the ordinary magnesia mixture, and allow to settle for twenty-four 

• Ohem. Ntm, Maroli U, 19(S. Zeit.f, anal. Chmit, 1902, IL 
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hours. The clear liquid is poured off, the precipitate transferred to a filter 
as far as possible, then dissolved off the filter by a worm solution of 20 
per cent, sulphuric acid. The solution is run into the flask which contained 
the origiual precipitate for the purpose of dissolving adhering crystals. 
The solution is now heated in a Ejeldahl flask, a little nitric acid being 
added from time to time. The heating is continued until sulphurous acid 
begins to escape and the liquid is colourless. 

The solution is now placed in a Marsh’s apparatus, and any arsenic 
present detected in the usual way. 



Rio, 661. 


The advantages of the method are obvious. Considerable quantities 
of organic liquids can be dealt with. The arsenic, if present, is concentrated 
as ammonio-magnesia arsenate, and fulls with the ammonio-magnesian 
phosphate. The ultimate solution contains no organic matter. On the 
other hand, it is not to be relied upon as a quantitative process, the 
ammonio-magnesia arsenate not being absolutely insoluble in the presence 
of alkaline chlorides, which always occur in beer. 
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WINB. 


S .TIT. VomtitncU^ of Wine is tlie fcrmonW juice of tlie 

trraik with such ailditious only as are essential to the stahility or keeping 
of the liquid (Dupre). The constituents of grape juice and wine may he 
arranged and compared as follows:— 


Must. 


Water. 
Gvajie sugar. 


Albuminiiid bodies. 


Wish. 

WaUa. 

(irape sugar (0 to several jicr eoiit.) 

Alcohols (mainly ethylic, but_ also 
small quantities of the higher 
aleohols, suchaspropylic, bntylic, 
amylic, and others). 

Residues of albuininoid bodies. 

Aldehydes (mainly ethylic). 

Isobutylglyeol.' 

Acetal. 

Furfurol. 

Acetic acid. 


Succinic acid. 


llydro-potassic tartrate. 

Tartrate of lime. 

Vegetable mucus. 

Gum. 

Malic acid (in bad seasou 
Salts of ammonia and of similar bases. 
Small mixtures of oolonring-matters. 

Organic acids in combination and 
certain extractive matters. 


ITartrateoflinio, i In smaller proiior- > 

( Tiirtaiic Acld, | tioiis thurii in ‘Must. 

Gum. 

Malic acid (in bad seasons). 

Golouring-matters. 

(jlycorin. 

Organic matters in combination and 
ccitain extractive matters. 

Kstei-jj—Acetic, caju'oic, eaprylic, 
butyric, and tavtaiic esters have 
been idoutilied. Recently small 
quantities of salicylic acid (0'8 
nigrm. per litre) liave been de¬ 
tected in Portuguese sj'' ’ 
genuine win^.® ) 2 

Tannin. \\{) 

Mineral matters. .N5 -.o i 

A few ferment colls and sitnua? pi^oquo^d 

! A lianninwr oneratiuff on 60 litres of Bordeaux, snw,*eedt d in isohitlng, by fractional dlstlU^ 

follows•_ 


Mineral matters.* 


Maximulu, 

Minimum, 

Meau, 


54’24 10\'i4 

81-23 -29 

42*14 3'S7 


i 

1 

€ 

1 

03 

If! 

S< • 

1 

1 ^ 
a 

1 

s 

i A 
! If 

1 i 

si 

H 

3*89 

13-68 

] 

7-28 ' 

18-99 

1 

' 12-67 

1-68 

8-86 

•29 

8-14 

•22 

•66 

! -Wi 

•08 

•06 

I'Ud 

9-14 

800 

4-66 

9-07 

-68 

•87 


it 

a| 


‘28-78 

8-18 

18-78 


This may be compart with the mineral constituents a wine given at p. 468. 
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§ 318. Changps talcing place in Wine through Age. —Bortholot’ haa 
made several analyses of wines 100 and 46 years old respectively, which 
are interesting as contributing to mote acourote knowledge regarding the 
effect of age upon wine. The wines were l)oth samples of I’ort. The one 
100 years old had a large deposit of colouring-matter, and was yellow; the 
colour of the second sample was dark, but yet lighter thau that of new 
wine. The results of the analyses arc as follows:— 


Sl«ci0c gravity (at 10" C.), 

Tort wine, 
loo roar. old. 
■988 

Port win®. 
45 yean old 
•95)1 

Total i-esidue at 100" C.,. 

3-36 

5*30 

Sugars, reducing,. 

T25 

315 

Sugars, after tho action of dilute acid, . 

1-29 

3-08 

AcifI, calculated as tartaric acid, gi'ins. ])er litre 

6-17 

5'46 

Tartaric ether,. 

111 

1-17 

(Jreaiu of tartar,. 

•27 

•42 

Alcohol, jMjr cent. 

16-9 

10-1 


The analyses of the deposits gtive the following restdta;— 


wine, wine, 
lUOymrsold. 4r> jiuiraold. 


1*26 

3-16 

•04 

•58 

•51 

•:»2 

•27 

•28 

•03 

•04 

2‘10 

4-52 

1-16 

■98 


Sugar, i-ftduciiig, 
Caiio-Bugur, . 
Pure aciiin, 
Adda as ethers, 
(h:eani of tartar, 


Glyceidn and other matters, . . » 

Thi8* * * § researoli of Berthclot’s, as well as the more recent investigations 
of Schmidt,’* sliow that there is a gradual deposit of the colouring-matter, 
and that some of the sugar has disappeared from the old wine, which gives 
a smaller residue. Cane-sugar is practically absent in the sample 100 
years old, a fact which Berthelot interprets as confirmatory of his olwerva- 
tion of the slow invertivc action of inorganio acids on cane-sugar. The 
alcohol is lower in old wines than new, and the acidity tends to diminish, 
tlio acids combining with alcohols to produce esters. The experiments of 
gy also bo here cited, from which it appeam that in wines of 
.t])^-temnin decreases through age, while the glycerin in- 


* ,j. ggjmaRufeniftoiM o/ Wine .—The adulterations of wine are as 

^ mr vjt t rf^ aUsring, fortifying with spirit, fortifying and watering, the 

addition of various fonneuted liquids, such as wines of low value to those 
of hi'-h value—that is to say, alcoholic liquids made from the fermentation 
of glucoses or various sugars, or wines made from raisins or figs to wines 
made from the grape—the mixing or blending of wines (this may be a 
necessary operation in some cases, m others it takes the form of sophistica¬ 
tion, when wines of higher quality ar*. mixed with wines of low qiudity and 
sold as wines of the higher quality), plastering, the addition of bitt^rate 
of potash and ethers (such as oenanthio ether) to give a fictitious appearance 
of age, the addition of alum to brighten the colour, the artificial colouring 
of wines, the addition of antiseptics (such as salicylic acid), and the addition 
of fluoborates or fliiosilioates. 

§ 320. The Amlyeis of H'we.—The analysis may be divided con¬ 
veniently into:—I., Physical characters; II., the estimation and qualitative 
detection of constituents volatile at or below 100° C.; IIL, estimation and 

1 CmiiUa Bendus, lijxviii., 1879,626. • Die 'Weiiie. Berlin, 1898. 
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identification of matters not volatile at 100° C.; IV., the estimation of the 
total constituents of the mineral matters of the ash, and, similarly, the 
identification and estimation of the separate constituents of the ash. 

i. Phymeal Charafien .—^Tliis embraces the specific gravity and the 
action on polarised light. 

II. Gondituentfi Volatile at or helote 100° C.—Tliis embraces the estima¬ 
tion of alcohol, volatile esters, sulphurous acid, aldehyde-sulphurous acid, 
volatile acid, and, as far as practicable, the identification of the constituents 
comprised under those names. 

III. GomlUuents not Volatile at or below 100° C.—This embraces total 
extract,' total fixed acid, free tartaric acid, sugars, potassic tartrate, fixed 
esters, glycerin, potassic sulphate, tannin, and colouring matters. 

IV. The Ash .—Special processes may be required for the detection and 
estimation of some of the adulterants mentioned. 

The Table LT. gives, according to tiiis plan, the results of the analysis 
of a number of wines of considerable ago and high price analysed by 
Dr. tJonrad Schmidt.* The Table LIT. gives a number of analyses by 
Dr. Dupre. 


I. PUVSIOAL ChABACTBBS. 

The specific gravity and polarimotric estimations are made on similar 
lines to those alimdy detailed under ‘ alcohol ’ or ‘ sugar.’ 


11. Constituents VoIiAtiub at ob Below 100° C.> 

Alcohol. —Wines, in regard to their idcoholic content, may be divided 
into two classes—vis., natural wines, the strength of which has not been 
increased by the addition of spirit j and fortified wines, such as those of 

’ E. Ricglor [Zeit. f anal. Chemie, 1896, 27) 1ms published an easy and rapid method 
of detormiiiing the araonut of alcohol and extract in wine. The re&action is taken 
* the wine by means of an Abbe’s or a Fnlfrich’s refractometer; the alcohol is nexj: 
of by boUiiig a measured quantity ; after cooling and making up wU,’.. ■ 
original bulk the refraction is again taken. He finds that a gramr ^ 

0 . 0 . of wine raises the refraction beyond that of water 0‘00146, and i 

100 o.a of wine raises the refiaction O’OOOOS. If N = the refraction In otner 

wine; a, the refraction of the distiiled pure water; a -t- t, the refractioira. 

freed from alcohol and made up to the original volume, then = alcohol in ’ 

. -o- “■ 0-00068 

grms. per 100 ao. of wine and extract in 100 0 . 0 . wine. 

* “Die Weine des herzoglich nassauischen Oabinetskeller,” by Hofrath Dr. Oonrad 
Schmidt. Berlin, 1898. 

' The Oenebal Process or J. Nessieb and M. Babth {Zeit. anal. Ohm,., 
1882, 48). 

Sola Betaue.—Tbe authors evaporate two separate quantities of wine, the one with 
the addition of a moasuied quantity of titrated baryta-water, the other without any 
addition; the baiyta-water mixture is dried at 110*-1I5° 0. for eight hours—the 
' addition fixes volatile acid and glycerol. The second portion is simply miM at 100° G 
in a current of dry air; the difference between the two determinations, correction being 
made for the baryta, represents glycerol and volatile acid. 

■E£ecl$ on Polarised Ifeubauer has shown tiiat prafsctly fermented wine 

scarcely polarises light, but H the wine has been imperfectly fermented the plane of 
polarisation is turned to the left On the other band, wines sweetened with potato-sugar 
contain a considerable proportion of dextro-rotatory non-fermenMle substancea 
dextro-rotatory substances natural to wine are insoluble i^ etrong alcohol, whilst the 


TABLE LL—Oivmo thk Chief Sb8ui,ts of Sobmiut’s AnaIiYres (I888-1.S92) 

OF OBETAJN FINE AND EXCKITIONALDY VALUABLE OLD WlNES. 


Puts by weight per litre. 




IToch* 

eimor. 

9 Bamples. 
a70&>18dii(). 

stein* 

boifrer. 

19 Banipies. 
(1811-1878). 

Marko* 

bi'uiiner. 

7 Bamples. 
(Id22-18»8). 

Kiidei* 

Iteimer. 

11 siimples. 
(issn-iB&o). 

Physical Chapacters. 

8j)eci lie gjuvity. 






Miu., .... 

. 

0-9981 

0-9982 

0*9983 

0-0963 

Max., .... 


1-0044 

1-0026 

1*0018 

1-0028 

Mean, .... 


1-0106 

0-9990 

0-9997 

0-9996 

Polari8atio)i»200 mm. tube. 
(ExprcHBed iu Wild’s degrocB.) 





Flio., .... 


+ 0-16“ 

+ 0-0.6“ 

+ 0-30" 

+0-0,6“ 

Max., «... 

, 

+0-49“ 

+ 1-60“ 

+ 1-32” 

+ 1-55“ 

Mean,. 

Constituents volatile below 

+0-33”. 

+0-39” 

+0-69“ 

+0'46“ 

100” C. 

Alcohol. 






, Min., .... 

, 

87-8(1706) 

487 

49*4 

46-9 

Mai* .... 


76-7 

92-9 

90-0 

93-6 

^ Mean. 


56-8 

677 

74-4 

717 

Volatile ilHters. 






(Bxpreased in e.o. ot d. ii. KUO.) 





Min. 


27-6 

17-2 

16-G 

27-2 

Max. 


50-4 

48-0 

49-2 

50*4 

Mean. 


32-6 

327 

34-4 

366 

Aldebyde-sulithurous acid. 

(In grms. of SQ.^.) 

.... 







0-069 

0-069 

0-059 

0-077 



0*22.1 

0-246 

0-214 

0-J60 

iii| / * 

aoniody tuis mjjj.) 


0-125 

0170 

0-172 

0-160 






OOp])i?r . 

^^Srax.. 

Mean. 

Constituents not volatile 


1-01 

1-10 

170 

- 1-04 


2*32 

2*42 

2-15 

2-29 

at 

i-M 

1-62 

167 

X'47 

100” c. 

Extract. 






Min., .... 


25-43 

20-98 

23-48 

21-80 

Max., • • • e 


27-79 

42-31 

44-06 

47-37 

Mean,.... 


2f7-60 

29-6 

3178 

30-54 

Total Tartaric acid. 





Min , . . e . 


2-81 

1-74 

2*03 

1-80 

Max., . * . • 


8*96 

8’32 

3-09 

8-15 

Mean, .... 
Free Tartaric acid. 


2-72 

2-61 

2-26 

2-46 

Min., .... 


0-68 

0-81 

0-39 

0-39 

Max. 


1-35 

1-02 

072 

1-41 

Meany eat* 


0-84 

071 

0-67 

071 
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TABLE LI. — continued. 



TToch- 

eiincr. 

0 samples. 
(1706-18(18). 

HtelH' 

liorifcr. 

IP samples. 
(1811-1873). 

Marko* 

bruuner. 

7 samples. 
(1822-1808). 

Rudes- 

lieimer 

11 sainpleR. 
(1831-1880). 

Constituents not volatile at 





100” C. — continmd. 

Total fixed acid reckoned as tar* 
tai'io acid. 





Min.,. 

2-97 

410 

413 

3-80 

Ill ax. 

6-94 

6-44 

5-16 

5-40 

Mean,. 

4-62 

432 

478 

4-67 

Tanuin aud coIouiuik niallerg. 





Mill. 

019 

0-22 

0-23 

0-16 

Max. 

,0'7 l 

0-45 

0-68 

0-66 

Mean, ... 


0-36 

0-42 

028 

Fixed esU*r. 




(Expressed iu e.e. of d. ii. Kilo.) 





Min. 

1,341 

144-4 

128-4 

ns -8 

Max . 

2.57 -a 

488-8 

446-4 

4-16 0 

Mean, . . . . 

1887 

2333 

268-5 

2313 

Glycerin. 





Min.,. 

13-06 

10-51 

11-70 

9-79 

Max., . 

1.5-fil 

1876 

22-55 

24-46 

Mean . 

12-62 

1434 

16-29 

14-63, » 

Fotassic suli)hate. 





Min., ..... 

0-76 

0-59 

0-44 

0-47 

Mux.,. 

1-63 

1-19 

1-62 

. 1-20 

Mean, . ... 

116 

-86 

078 

073 

Ash. 




Min.,. 

219 

1-78 

213 

1-87 , 

Max. 

2-67 

2-59 

2-45 

2-60 “0 

Mean. 

2-65 

2-24 

226 

223 'll 

NUMBUIOAL RKlATIOliB OF OEBTAIN CONSTITHENTS. 

)f 

Oiycarin: Alonliol. 

(Alcohol=100.) 

Mill. 

16-9 

16 8 


taken 

Max.». 

30-7 ■ 

32-3 

W V 0 


Mfi&Rf « • • • • 

23S ■ 

21-6 



Volatile acid: Total acid 





(Total acid-s 100.) 

Mia . 

16-6 

123 

18-2 

167 

Max., ..... 

34-8 

88-4 

31-6 

31-8 

Mean . 

217 

23-4 

253 

222 

VolatUo ester to alcohol. 




(Alcohol=100.) 

Min . 

52-9 

8.3-6 

17-4 

413 

Max., ..... 

647 

617 

69-6 

64-0 

Mean . 

56-3 

487 

493 

52-3 

Volatile ester to volatile acid. 
(YolatUeacidsl.) 





Min., . 

18-2 

16-0 

9-5 

21-9 

S Max. . 

28-S 

30-0 

29-5 

343 

Mean, . 

223 

222 

203 

257 

Total ester to total acid. 

(Total acid=l.) 





Min . 

21-5 

29-9 

24-6 

26-6 

Max., . 

46-2 

73-8 

63-3 ■ 

60-2 

Mean, . 

333 

41-4 

417 

403 
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Spain and I’oi'tiiital, which absolutely require the addition of a certain 
amount of spirit to preserve them. Natural wines- contain as a minimum 
6 per cent., and as a maximum a little over 12 per cent., of absolute 
alcohol by weight. Even under favourable conditions scarcely more tlian 
16 per cent, of alcohol can be obtained by fermentation. The percentage 
of alcohol in fortified wines depends, of course, entirely on the operator; 
it appears to range usually from 12 to 22 per cent, by weight. The 
alcohol is returned as ethylic, but there are always traces of the higher 
homologous alcohols— e.g., propylic, butylic, and amylio. It would be 
highly desirable to have a number of determinations of the biehcr alcohols 
in genuine, and sophisticated wines; this has never yet been done on any 
scale. The methods to be followed differ in no essential way from those 
already detailed at pp. 393-39T. 

§ 321. Volatile Aeid»y —All wines possess an acid reaction, due to 

impurities in jiotatu-siigai are mostly soluble in the same. Kessler and Barth have 
mollified Keubauer’s process as followsThe wine is evaporated to onc-iifth of its bulk j 
the tartaric acid is separated by precipitation with jwtassiura acetate; 90 jier cent, 
alcohol is next added to complete precipitation; the whole is filtered, and the filtrate 
mixed with ether; all optically active substances will now be found in the lower 
stratum. 

Chlorine .—The proportion of chlorine in genuine wines lies between ’002 and ’0028 

J ier cent., and never exceeds -006 per cent.; it should not bo estimated in the ash, but 
lirectly in the wine. * 

60 c.c. of the wine ore acidulated with nitric acid, an excess of standard silver 
solution added, and then standard thiocyanate solutiun is run in until a drop of the 
liquid, when mixed in a plate with ferric sulphate, first shows a pink coloratioip 

Selimatim of Free Tartaric Add .—100 c.c. of the wine are evaporated to a thin 
syrup, and mixra with alcohol so long ns a precipitate appears. The cream of tartar, 
after a few hours’ standing, is separated. To the filtrate, from to 2 c.c. of calcium 
acetate are added. IViuea desutute of free tartaric acid show no tnrbidity. Any 
weighable quantity of acid'tartrate is, after standing, filtered oflT. 

CUric Acid.—In falsified wines citric add is sometimes met with. 

100 C.O. of wine are evaporated to 7 c.c., and precipitated with 80 per cent, alcohol, 
snd filtered. The filtrate is partly neutralisod by milk of lime, and the filtrate from 
. this is diluted to the original bulk taken, viz,, 100 c.c. About 1 o.c. of a cold neutral 
saturated solution of lom acetate is added, and the precipitate (containing phosphoric, 
sulphuric, tartaric, and part of the malic acid) is onllected, decomposed with hydrogen 
sulphide, and the solution of the free acid rendered alkalino with lime. The calcium 
phosphate is separated by filtration, the filtrate is slightly acidified by acetic acid, 
tartrate of lima separating. From the filtrate, calcium citrate separates on pyolonged 
boiling. On drying at 100" C., it is weighed—(C,H 50 j),Ca«+ 4 H., 0 . ■ ... 

' The acids in wine ai-e estimated by C. Schmidt and C. Hiepo {Zeits. flu 
GhtrmU, xxi., 534-641) os follows:—200 O.C. of wine, oonoenttateo by evaporation to 
half, are precipitated by basic lead acetate. The precipitete is filtered ofiT, suspended in 
water after being well washed with cold water, aha then decomposed by SHg. The 
solution of the acids thus obtained is filtered from the lead sulphide, ooneentrated to 
60 C.O., neutralised with EHO, and still further condeutrated. An ezoess of a saturated 
solution of calcium acetate is then added, and the whole allowed to stand for several 
hours; the precipitate of calcium tartrate is then filtered, washed, ignited, and the 
alkalinity titrated with standard hydrochloric acid. Tlie result is. caloulated into 
tartaric acid, a coi-rectlon of 0286 grm. being added for the solnUlify of oklciam tartrate. 
The filtrate from the oalcinm precipitate is again concentrated to 20-30 0 . 0 ., and 60-90 
c. 0 . of 96 per cent, alcohol addeil The precipitate consists of calcium malate, succinate, 
sulphate, and a small quantity of calcium tartrate. It ie filtered off, dried at 100° G., 
and weighed. It is then dissolved in the minimum qnantity of hot dilute hydrochloric 
acid, slightly alkalised by potassium carbonate, and the precipitated calcium carbonate 
removed by filtration. After neutratiaation by acetic acid, the filtrate is concentrated 
to a very small bulk, and premmtated hot by barium chloride, which throws down 
barium succinate and sulphate. The jirecipitiite is treated with hot dilute hydrochloric 
add, which leaves the barium sulphate undissolved, and wbldi therefore can be filtered 
off, ignited, and weighed. To the hydrochloric solution of bkrium taodhate, a suBbrient 



acids, which are conveaienu^ uivxuuu luiAj (/i/i'Ul'Mc auu jfMj&t, Df* Duprij 
puts the amount of volatile acid, expressed in terms of acetic acid, as 0‘3 
to 0’6 per cent, by weight in volume. About one-fourth of the total 
acidity in white natural wines should be due to volatile acids, aud in red 
and fortified wines the volatile should not amount to more than about 
hne-third of the total acidity. The non-volatile acids appear to be chiefi} 
toalic and tartaric (sometimes part of the tartaric being replaced bj 
succinic); the former, according to Duprii, predominating in pure natural 
-wines, and largely so in fortified liquors; whilst in plastered wines it ii 
often present to the total exclusion of tartaric acid. 

In artificial wines, it is common enough to find a considerable amount 
of free tartaric acid; but the mere detection of free tartaric acid is not 
enough to prove adulteration, since this is found in small quantity in nianj 
natural wines. If, however, with a small amount of free acid there is i 
preponderance of tartaric acid, then sophistication may be suspected. 1 
lias been suggested that such free acid may be recovered from the wim 
by agitation with ether, but J. Kessler, in a direct experiment, could onl; 
recover per cent, of the free tartaric acid present when the wine wa 
directly treated with ether; 26 per cent, when the wine was evaporatei 
to a syrup. He recommends the following processes:— 

The wine is agitated with tartar atid divided into two parts, to one c 
which a few drops of concentrated acetate of potassium solution is added 
an^ the mixture carefully observed, noticing whether any tartar crystal 
form. Errors are avoided by laimparing the one portion to which a fe' 
imps of the potassium acetate has been added, with the other portion t 
vhich no* acetate has been added, the separation of tho tartar crystal 
xing a proof of free tartaric acid in tho wine. Free sulphuric acid nia 
ae detected by means of the methods described in the article on Vinegar. 

The chief volatile acid is acetic; white German and French wim 
leldom contain more than -8 grm. per litre of volatile acid reckoned f 
icetic, and red more than 1-2 per litre. Red wine containing as much f 
1 -6 grm. per litre is considered sour and unfit; it is, therefore, curious 1 
find that tho very high-class wines in Table LI. may yield as much i 
2T6 to 2‘42 per litre. 

The general method of estimation is to take from 10 to 20 o.o. of tl 
wine suitably diluted, and titrate with d. n. soda, using tincture of logwot 
as an indicaj^lff^e'*result being the totfil On now evaporatii 

^-«iill*^fcthe water-bath to a syrupy extract, diluting and aga 
grating, the loss of acidity corresponds to the volatile add, the latt 
being expressed in terms of acetic acid, the non-volatilo as tartaric aci 
L. Weigert* has shown that by distilling in a vacuum, tho whole of tl 
acetic acid can be obtained; 40 or .60 c.o. of the wine are in this wi 
boiled to dryness, water added to the Iry residue, and the process thri 
repeated. . 

A method of diagnosing and estimating volatile acids,has been propos 
by t. Duolaux, based upon the more or less -egular way in which volat 
acids distil each after its own manner, and the estimation d acidity 


ensntity of sniphario acid is added to preoipitote the bannm as ecjphate and from J 
weieht of the latter the amount of sneoinio acid is calculated, 233 of BaSOj'-llS 
C if Oj The weighte of the sulphuric, succinic, and tartaric acids are calculated 
caVium salts, and subtiacted from the weight of the lime precipitate, the difference be; 
reckoned as malate, 172 jjarts of calcium malate - 184 malic acid. 

‘ ZtilKh. fiiranttti)t, C\mU, 1879, 207. 
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succ«!sive fractions of the distillate. This was described in detail in a 
former edition, hut the method has not found favour among practical 
chemists and the accuracy of the calculations has been questioned.* 

Vefertion iin'l fJxIimaUon of Frm Fulplvarous Add and of Aldehyde- 
xulphurom And, —Dr Conrad Schmidt has shown that when a wine is 
sulphured the Buljihurous acid gradually disappears, a small part being 
oxidi.sed to sulphuric acid, the larger p.art uniting with aldehyde. Accord¬ 
ing to Schmidt free sul 2 ihurou 8 acid is injurious to health, whereas a fair 
[iroportion of aldehyde-sulirhuroiis acid can be taken without any injury 
whatever. The limit fi>r free sulphurous acid on the Continent is 20 
mgrms. per litre. Schmidt has devised a process of estimating free 
sulirhurous and aldehyde-sulphurous acid. 

A stream of carlxin dioxide is led into a 100 c.c. flask, and when the 
air has been displaced 50 c.c..of the wine are added, 5 o.c. of sulphimic 
acid (1 ; 3) and a little starch solution. A dccinormal solution of iodine 
is dropped in until the blue is permanent, and the number of c.c. of iodine 
used is translated into suljihur dioxide, each c.c. of decinormal iodine 
solution being etiual to 2'3 mgms. of SO^. 

This determination gives the sulphurous acid existing in a free state. 
In a 200 c.c. flask, 26 c.c. of KIIO solution and 50 o.c. of wine are mixed, 
and after standing fifteen minutes 10 c.c. of sulphuric acid (1 ; 3) and a 
little starch an! added, and the liquid titrated as before. The result is 
U)tal sulphurous acid, and by subtracting the amount of fret) sulphuDOUs 
acid fnau the total, that which lias been in combination with aldehyde is 
known. 

It is, therefore, only now wine which is likely to have any free sul¬ 
phurous acid; in old wine the sulphurous acid will bo in combination. 

§ 322. Estmaikm of flsters in Wine. —The compound esti'rs in wine 
may be divided into volatile and non-volatile. The volatile esters give the 
bouquet or odour, the fixed esters the ta.ste to wine. The proportion of 
volatile to fixed esters is very small in unfortified wines, but the reverse is 
the case with foitified wines. The total amount of esters is extremely 
small; Dr. Dupre gives about one part of compound ester in 300 parts of 
wine as the highest proportion ho has yet met with. The esters them¬ 
selves are, of course, derived from conversion of the alcohols, the ultimate 
amount depending entirely on the relative proportion of alcohols, acid, and 
water present, and not Iming dependent on the natnte of the alcohols or 
acids. If, as sometimes hapj)ens, an excess of compound ester is added to 
a wine, decomposition will at once begin, until ultimately the wine will 
contain no more than it would otherwise have reached in the natural order 
of things. An estimation of the esters is, iborefore, of the greatest possible 
importance, ns it enables the analyst to judge of the ago, character, etc., of 
the wine. 

Berthelot has given tlie following formula for the calculation of the 
amount of alcohol present in the compound esters of wine 

V = M7 A■^2•28 



A is the percentage of alcohol by weight in the wine; a the amount of 
alcohol equivalent to the total free acid (reckoned as acetic) contained in 1 

' See. a iMqjer by Mr. Droop Eiohmond, Analyst, September and October, 1896. 





litre. ji = tho proportion per cent of a present as compound ether in 
litre when the alcoholic strength is A. a = alcohol present in compou 
ethers of wine. It hence follows that if the amount of alcohol present 
ester, found by experiment, fairly agrees with the calculated amon 
etherification is complete, and the wine must be of a certain age; it i 
compound estore exceed the proper amount, the probability is that it is 
artificial wine; and, lastly, if the amount of esters is below the theorcti 
standard, either etherification is not complete, on account of its youth, 
alcohol has been recently added. 

Since in small quantities of wine the esters cannot be satisfactor 
identified. Dr. C. Schmidt’s method of expressing the esters in terms 
decinormal alkali is to be recouiraended. The wine is first carefu 
neutralised and 100 c.c. are distilled until the distillate measures DO c.i 
the 00 c.c. are made up to 100 c.c. by the addition of distilled water; 
c.e. of the 100 arc made up to 50 c.c. by the addition of neutral absoli 
alcohol, 25 c.c. of d. u. soda added, and the whole allowed to stand for 
hour; the alkaline licpiid is then titrated, using phenol-phthalciu as 
indicator, and a certain loss of idkalinity owing to the saponification of t 
volatile esters will be found; this difibrenee is returned as so much volat 
ester in terms of decinormal alkali; by treating quite similarly t 
residue in the retort the fixed esters are estimated. 

" TtnrTteterminatiou of the volatUe esters is more important tlian that 
the fixed esters, because the bompiet and properties of a wine are depende 
to a considerable extent upon the nature and amount of these esters. I 
< 1 . Schmidt claims to have synthetised an ester which, added to you 
wine, gites it the same fiavour as an old wine, but no details of his t 
periments have been published. Without a doubt, certain essences us 
by the wine producers are rich in volatile esters. 

It is, however, only by an intimate knowledge of the .amount of volat 
esters which a natural wine may possess at different periods of time th 
it is possiblo to be certain of the fraudulent addition of esters. 


III. Estimation and Idsntification of Matters not 
Volatile at 100“ C. 

§ 323. Bstoxct or Solid Kf-'idub. —The dry extract in pure natut 
wines isJlSually given as from I'5 to 3 per cent, some of the Rhine win 
•flMHfloubted purity give, however, an extract of nearly 6 per cent.; tl 
presenv e of sugar in fortified wines may raise the extract to 6'0 or 10 p 
cent. The solid residue may be taken by simply evaporating 10 o.c. 
dryness, which can be done rapidly wit hout any decomposition of the solv 
by using a large flat platinum dish, aid thus spreading the 10 c.c. out 
a thin layer. This method is, however, somewhat inconvenient, and can 
a loss of glycerin; therefore the indirect process for beer, given at p. 4 
may he employed instead, wine extract being considered equal m dens 
to malt extract.* But in wines containing much ash (since the mint 
constituents of the latter seriously affect specific gravity, containing i 
14). A. Gautier (.i4nn(tiM<i’flVyi4nef’«WfjM«,xl' 
lases th* evaporation of S ao. of wine on a waf 
plication of artificial heat This method takes t 
temperature, for completion, so that it is eean 
mt it is evident that a heat of 80“ 0., whilst gi» 
way impair Its aocuracy. 


* See also Riegler’e method (p. 4' 

118 1877) has recommended in all < 
clsM, in a vaonura. without the ap 
two-to six days, acoording to the 
applicable for technical purpoeea; I 
oxpwliting the prooeso, would in no 
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given specific gravity about twice os much substance in solution as a sugar 
solution of the same gravity), it is necessary to subtract from the per¬ 
centage of extract thus estimated, the percentage of ash found in the same 
wine; or if the amount of extract without the ash is required, twice the 
percentage of ash has to he subtracted from the percentage found. Duprt)' 
and Thudichum give the following examples: 


Kosxnthalkb, 18[i9 (£15 Ohm). 


SjHwific gravity of de-alcolmlised wino, 

Pci-contage of extract (seo table, p. 420), . 
Percentage of asli found, .... 

For cent. 
lOlC-48 
4*122 
0-170 

Total solid couatituente, 

To find total solids minus asli, subtract again. 

.8-9.52 

0-170 

Total solid constituents, 

3-782 

sSHBimT, 1866. 

Sjifcilic gravity of de-alcoliolisod M'ino, 

Percentage of ext ract from s]>ocilic gravity (see 

table, p. 420),. 

Percentage of asli found,. ... 

1017-87 

4-407 

0-616 

Subtract ash,. 

8-952 

0-516 

Total solid constituontB, . . , 

3-437 


H. Hsgor,> after evaporating off the alcohol, and making up the wine 
to its original volume by moans of water, determines the amount of extract 
from the following table, which is based on his own experimeuts, and differs 
a little from the malt extract table, p. 430. 

TABLR bill. 


Per cent, of 
Extraut. 

.Specific gravity, 
ir -0 0 . 

Woter b1*0(H). 

For cent, of 
Extract 

Specific ^n’ft'^ity, 
ir.“-oc. 

Water « 1 * 000 . 

Per cent, of 
Extract. 

Specific gravity, 
16--0 C. 

Water al'OOO. 

• 0-60 


6-26 

mmm 

10-00 

1-0461 



6-.50 


10-25 

1-0473 



6-76 




1-25 


6-00 



1-0496 

1-60 

1-0008 

6-26 




1-75 

1-0079 

«'60 


11-25 

1-0620 

2-00 . 

1-0091 

6-76 


11-60 

it 

2-25 

1-0102 

7-00 


1176 • 


2*60 

1-0114 

7-26 

^^■KIKKt^B 



2-76 

1-0125 

7-60 


12-26 


8-00 

1-0137 

7-76 


12-60 


3-26 

1-0148 

8-00 

1-0367 

1276 


3-60 

1-0180 

8-26 

1-0878 

13-00 


8-76 

i-om 

8-60 

1-0300 

18-25 

^^nTiii'^B 


1-0188 

8-76 

1-0402 

18-60 


. 4-26 

1-0194 

O-iiO 

1-0414 

1876 


4-50 


9-26 

1-0426 

14-00 


4-76 

1-0216 

9-60 

1-0437 

14-26 

1-0663 

8-00 

1-0228 

9-76 

1-0449 




[N.B.—The specific gravity increases or diminishes '00024 for each degree.] 


> Chem. Cnirbl., 1878, 416. 
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The extract and amount of alcohol being known, it is, in certain in¬ 
stances, possible to detect the watering of wine, althougli such a diagnosis 
can only 1)e made wlien the analyst is intimately acquainted with the kind 
.of wine under examination, and in some ctisos with the characters of the 
particular vintage. The Bordeaux wines, according to Qirardin and 
rressier, give almost always the same amount of extract, varying only 
within the limits of 20 to 20’8 grms. the litre; and the proportion of 
alcohol also is fairly constant—vix., from 6 to 15, the mean being 10 per 
cent. From those data they calculated the amount of genuine wine 
present in any samples. Thus, supposing the extract in a lioi-deaux wine 
to be 14'5, then 


20-9 


=a:, or 726-00 


t.e., the iitre contains 72,6 c.c. of wine, the rest being alcohol and water. 
To know the quantity of alcohol added, it is necessary to ascertain iiuw 
much the 72'5 parts of wine contain of absolute alcohol; 

100 • 10 : : 12-50 -. * 

X = 7-15, 


Tf the al)solutc alcohol is found, for example, to be 11, then, subtracting 
7-2.6 from 11, it is supposed that 3-76 of alcoliol has Iksoii added. 

That this process, us applied to the Bonlcanx wines, is in the main 
correct, is supported by the fact that the Rouen wine-merchants have 
frequentlyapaid duty on the excess of alcohol, etc., which Oirardin and 
Pressicr found in their wines.* 

In the Muuicipid Laboratory, Paris, the chemists deter.niue the water¬ 
ing and fortifying of wine by a calculation of the relationship of what they 
call ‘ the reduced extract ’ to alcohol. 

The ‘reduced extract’ is the total extract diminished by the number of 
grammes less 1 of the potussic sulphate and reducing sugar; thus, if the 
total extract should be 29-7, the potassic sulphate 3-1, and the sugar 4-6, 
2-1 -e 3-5 “ 6-6; and subtracting 8-6 from the total c,xtract gives the 
reduced extract as 24-1. The weight of the alcohol for red wines they 
consider should not exceed four and a-half times the extract, and when this 
"relation is exceeded the wine has been fortified. To determine this relation, 
the alcohol by weight is divided by the reduced extract. 

,, For white wines the relation between alcohol and reduced extract is 
fix!^ at 6-5. Wines watered down and then the alcoholic strength brought 
,Hn\y the addition of alcohol are deteeb d in the French Laboratory as 
■^fows:— 

’ In all normal wines the sum of the alcohol per cent, by volume added 

'^^^ot-il acidity per litre (alcohol-acid number), calculate as sulphuric 
:seldom below 12-8. Water lowers this number, alcohol increases it. 
men, the relation of the alcohol to the reduced extract is obtained; 
^ceed 4 - 5 , then by calculation on the standard of 4'6, the amount of 
il that the natural wine may be supposed to have had originally is 
uutained; and the difference between this and the amount found represents 


> la Paris a oommemist standard has been arrived at, based on the analysis of SOOO 
samples, and it is laid down that "tbs amount of added water in oil wine wliieh is not 
sold as being of any siiecial bisnd, sball be caloolated on the basis of 12 jiercent. of 
alcohol by vdame, ond 24 gnus, pf diy extract per litre.” 

■ 
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the alcohol added. Next, the alcohol-acid number is obtained, and if this 
is below 12'6 the presumption is that the wine has been watered. 

An example will m-ike this clear. A red wine gave the following:— 


Diy extract tier litre,.M'S 

Acidity jier litre.S’lOO 

Alcuiiul jwr ccut. (volume).Id'O 

The relation by wciglit of alcoliol-oxtract, . . = 9'01 

The alcoliol-acid number,.= 19'1 

KowcalenlatingonaBtandaniof. ... 4'5 

Natural alcohol iu the wine, . . 14'2 x 4'5 = G3'9 

Reducing this by dividing by 8’0, the volume of 

alcohol is equal to.' 7 '99 

Alcidiol in excess, . . . . 16 - 7'99 = 8'01 

Alcohol-acid figure.7'99 4- 3'1 = 11'09 


Hoiice, the alcohol-extract number being sujiciior b> 4'3 and the corrected acid- 
alcohol number being below l‘J'5, there is a presumption of both watering am] 
fortifying. 


This calculation being the rosidts of prolonged experience with regard 
to ordinary wines is a fairly safe guide to the analyst; but with rogarf tt 
certain exceptional wines caution must be exercised in the interpretation 
of results.’ 


g 324. Eslimaiion of Snednic Aritl and Gli/citrin .—Half a litre to a 
litK! of wine is decolorised witli animal charcoal, filtered, and the charcoal 
well washed with water; the filtrate and washings are then evnporftcd 
down in the water-bath, and the drying finished in a vacuum. The 
residue, when dry, is treated with a mixture of 1 part of strong alcohol 
and 2J parts of rcotiflod ether. The latter is driven off by Abating tin 
dish in warm water, and the whole evaporated again on a water-bath 
The residue is now neutralised with lime-water, which combines with tb( 
succ'iiic acid, and forms succinate of calcium. The glycerin is dissolved 
out by alcohol and ether, and weighed either directly or by loss. Thi 
succinate of calcium remaining behind is impure, and should bo wel 
washed with spirit before weighing. Every 100 parts of calcic sucoiuatf 
..equals 75'64 of succinic acid (IfjC 4 H 4 () 4 ); and since Pasteur has showi 
that 112'8 parts of grape sugar (107 of cane) yield about 3'6 of glyoerii 
and 0'6 part of succinic acid, it follows that in a natural wine the glyoerii 
would amount to about one-fourteenth part of the alcohol present.* 


It has, indued, hitherto been generally seoepted that for every 100 parts of aloohe 
there should be not loss than 7 nor more than 14 of glycerin, and it lias been held thy 
deviations from this standard mean addition of alcohol or dycerin ; but the highos 
quality of the Rhine wines (Table LI.) vary between 18 and 31 parts of glycerin/1 
100 ot alcohol, and, therefore, the views hitherto hold demand modification. ' ' 

' E. Eggor doti'cts the watering of wine by the presence of nitrates, the graiie l__ 
stated to be absolutely destitute ot nitrates ; white wines are evaporated to a syrup « 
absolute alcohol added; so long as it produces a cloud the mixture is filtered, deooloristo 
and tested with diphenylamiue and sulphuric acid. Red wines are precipitated with leai 
acetate and then magnesium sulphate added before evaporation ICkmii Cmir.. 1888 
71,72). r. X , 

' Aecoiding to R. iioigmann (Zeitieh. fir mdl, ChemU, xxii., 58-80) the ratio e 
glycerin to alcohol in pure wines is never less thali 7'3 ; 100. Analyses of whit* wine 
by R. Freseuius and R. Borgmaun give the fallowing ratios of glycerin and alcohol 


Alcohol. mycerln, 

Maximum,.100 : I 4'4 

Minimum.. 100 ; 7‘ 3 ’ 

Mean.. , 100 j lO'* 

{ZfU./. anal. Chtmie., xxiii., 48). 
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Sclimidti evaporates a known hulk of the wine mth hydrated oalouim oxide, eztractR 
the residue with 66 i)er cent, alcohol, evaiK>mtes the clear iiltrate, then diawlvos tliis 
last residue in 15 c.c. absolute alcohol, precipitates with 25 o.o. of other, niters and 
ovaporatea the alcohol-ether solution, and, after one and a-holf hours* drying, weighs. 

Stierlin^ eva|)oiute8 the lUtuid witliout any addition to ono-firth or one sixlh of irs 
volume, extracts with hot absolute alcohol, and uses this alcoholic extract for the 
estimation of the sii^, non-volatile acids, bitter mattera, alkaloids, and glycerin. For 
the estimation of the last, a measured portion of the alcoltolic extract is freed fnnn 
alcohol by evaporation, and then evaporated d<iwu to d^ness witl) slight excess of 
caustic lime. The glycerin is extracted either with alcohol and ether (2 : 8)^ or with 
alcohol and chloroform. (See aUo the procera for extracting glycerin from bo(>r, 
p. 426.) 

Ka^naud has pointed out that although the processes in use for tlie estimation of 
glycerin are fairly exact, yet with plastered wines too liigh results are obtained ; for if 
there is any eunsidorable amount of sulphate of potash, ft is decomposed ))y lime, and 
hydrate of potash is formed, which is dissolved by glycerin in the presence of alcohol, 
and is weighed with it. lie therafore r(»oommen^ the following pi'<x;«aB:—The liquid 
operated upon is evaporate<i to about one-fifth of its volume, and tlie potash precipitated 
by hydiolluosilicic add and filtered. The filtrate is made weakly alktilmo by the 
audition of hydrate of baryta; sand is also added, and tlm mass is evaporated to dryness 
in a vacuum; the dry residue is then extracted until a very large volume of alMiolut<« 
alcohol and ether, as much as 800 c.o. for 250 o.c. of wine being recommended. Witli 
tlie improved pracessiis of extraction which wo now possess, however, this is quite 
unnecessary, and 50 to 100 c.c. in a Kozhlei’s apparatus (see p. 46) will have quite the 
same ctfeot as a much larger quantity. On the evaporotiou of tho alcohol and ether, 
the glyt'criii is allowed to stand for twenty-four hours in a vacuum over phosphori<^ 
anhydride; finally, it is put into a tubo, a perfect vacuum formed, and distilled iuto 
tM cool pait of tho tubo by a temperature of IBO** C. 

I'l-obably the best method of estimating glycerin is to seiiarato it from most volatile 
substanc.'os by diKtillatimi in a vacuum, aud then to oxioise it iuto oxalic acid, as 
described lender the article * Butter* (p. SOO). A. PartheiP offoc1» this iu the following 
manner :^50 c.c. of tho liquid to be examined, first neutralised by adding a little 
calniim carbonate, are eva|K)rated down to 15 c.o. and introduced into a smml retort 
Tins'rt-tort enclosed in an air bath, the bottom of the bath being n^ido of sheet iron, 
tho sides aud t<»p of asb^tos card. The Jieck is connected with a globular racelvor, the 
second opening of the receiver being joiiuMl to an inverted condenser, and tiien to a 
pump. The receiver is alfio kept cool. The liquid is first distilled almost to dryness, 
at ordinary pressiiro, at a temperatura of 120** C. It is then cooled to about 60^ 0., and 
the pressura reduced by means of the pump, tlie temfsirature raised to 180** C., and the 
distulation continued for one and a-half hours; the jn’ossure at the end of that time is 
released, tho retort coolod, 10 c.c. of water adderl, and distillation ^uiii proceeded with 
at the ordinary pi'essure at a temjterature in tho bath of 120** C. The distillate is 
diluted to about 200 c. 0 ., 8 to 10 g^s. of caustic soda dissolved in it, and 6 per cent 
potoRsic permanganate added until the colour remains a decided blue-blacic. Tiie 
wliolc is heated for an hour, decolorised wiUi SO^, 20 c.c; of acetic acid added, the HOy 
l^yven otl by heat, and the oxalic acid precij[(itat^ by calcium eliloride. 

\ § 325. Eetimation of Tartftrie Add and. BUartraie of Fotanh .—This is 
Iwt estimated by the method suggested by Berthclot:—20 c.o. of wine 
.(ft mixed with 100 c.o. of equal of alcohol and ether in a well- 

,stoppered flask. Tho same prooess is oniployed with another 20 o.c. to 
which has been added sufficient potash to neutralise about one-fifth 
of free acid present. Both bottles are albwed to stand two or 

three days, and at the end of the time, owing to the insolubility of bi> 
tartrate of potash in strung alcohol, there will ^ a deposit of that salt iu 
both bottles. The first will represent tho bitartrate of potash present as 
such ; the second, tho whole of the tartaric acid which the wine contains. 
There is, however, always a small quantity of bitartrate in solution, about 
*004 grm., equalling *28 d. n. soda, and this amount inuat be added to 
that found. The precipitates from both bottles are collected on sepaiate 

1 Ojf. ' * Stieriin, *'I)m Bw,’*etc. Bmie, 187B, ' 

* Jre/i, P/itmn., t*95, mxxiii, S61. 
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filters, washed with the alcohol-ether mixture, dissolved in water, and 
titrated with soda solution. 

IHrert JCgtimatum of Midie Aei<t —100 c.c. of wine are precipitated 
with lime-water, added only in slight excess; the filtrate is evaporated 
down to- one-half, and ahsolnte alcohol added in excess; the resnlting 
precipitate, consisting of malate and sulpliatc of lime, is then collected on 
a filter, washed, and weighed. If, now, the sulphate of lime in this 
sample be estimated by solution in water, and precipitation of the 
sulphuric acid by baric chloride, etc., and the amount subtracted from 
the total weight of the precipitate, the remainder e(n«i1s malate of lime. 

Tlut Xd.imiition of tiwjar in Wino is carried out on the principles 
described at pp. 111-120.* 

Allmminoid Sulmtnnrei. —The albuminoid substances in wine may Ih) 
estimated by Mr. Wanklyn’s weil-knowu ammouia process ;—~> c.c. of the 
wine are put in a half-litre flask, and ma<le up with water to 500 c.c. : 
I TO (’•'*•' ® ® '** distilled with a little water and pure carbonate 

of soda (ammonia free), and the ammonia in the distillate estimated by 
the colorimetric process known as Nesslerising. An alkaline solution of 
permanganate of jiotash is then added, and the operation repeated—the 
ammonia coming over now being the result of the breaking-up of albumi¬ 
noid bodies. It would appear that in whife wines, tbe albuminous matters 
are very small in amount; while in red and most wines, there is^ui 

excess of albuminous matters, which decreases with age; hence, in 
experienced hands, a determination of this kind may help to distinguish 
between old and new. • 

Thudichiun and Duprd found in certain wines the following ammmts of 
ammonia:— 


Ingelhcimor, red,. 

Ammonin free. 

per Cfot. 

. 0*0051 

Ammonia albd. 
iwr cent. 
0-3730 

Port, 1861, .... 
Sherry, 30 years in hoU]i', . 

. 00046 

0-0888 

. 0*0078 

0-1807 

Madeii'a, .... 

. 0*0021 

0-1681 

Merstcnier, .... 

. 0*0021 

0-3660 

Natural Poll, 

. 0*0019 

0-0627 

Port, 186.% .... 

. 0*0012 

0-1760 


§ 320. Astringent Matters .—Schmidt estimates the astringent and 
colouring-matters of wine by oxidising with potassic permanganate befoi-e , 
and after treatment with animal charcoal. , 

A. Girard {Conipt. Rend., xcv., 185-187) employs sheep-gut for the 
estimation of tauuin in wine. The gut is well washed and cleaned; it is 
then treated with alkalies, and bleached by the action of potassic per¬ 
manganate and sulphurous acid. It is then twisted into cords, and again 

’ A ajiecial prucoss is in use in the Paris Ijitxirutory fur the deteetjon of fletiUons 
claret Theliiinid is known as piquelte of raisins and dried fruits, and it is often added 
as an adulterant to the cemiine article. 300 c.c. of the wine ore femiented fully with 
yeast at 29°‘6 C. The liquid is then filtered, and placed in a dialysing apparatus, in 
which the outer water is constantly renewed automatieally. The water is examined from 
time to time by the polariseope, and, when the )Kjlarisation is constant, the dialysis is 
stopped. The liquid is neutralised by boiling with chalk, and evaporated to dryness 
on the water-bath. The residno is treated with 60 e.c. of absolute Moolio], and twice 
washed with 26 e.e. of the same. The alcoholio extract is next deeoloris^ by charooM, 
orajKiratcd to diyness, and the residue taken up with 80 o.c. of water and examined 
by the polariseope. True claret gives no rotation, or ia only very slightly dextrogyrate, 
while wines mixed with piqnetta of fruit or glucose are respectively strongly levo. or 
dextrogyrate.—Dr. Muter in Amtgtt, October, 1886. 
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bleached by sulpliunms anhydride. From 3 to 5 grms. of the gut-cords 
(the water in which has been previously determined) are soaked in water 
for four or five hours, aud, after being itntwistod, are added to tOO c.c. of 
the wine. After from twenty-four to forty-eight hours, the whole of the 
tiuiiiin is absorbed, and is expressed by the g.ain in weight of the gut after 
being washed and dried at 100° C. 

§ .327. Kstimation of the Uolouring-mafier of Wine .—The colouring- 
matter of red wines has been termed amolin, or amocj/anin, and has also 
received other names. Gleuard has assigned to it the formula CioHjjOj; 
but it is doubtful whether it has ever yet been separated iii a state of 
absolute purity. The process used by Gleuard was—precipitation with 
load acetate, exhaustion of the washed, dried, and ijowderod precipitate, 
first, with anhydrous other satunxted with HCl, then with pure ether; and, 
lastly, extraction with .alcohol, from which the ocnolin was obtained by 
evaporation as a bluisb-black pow<ler insoluble in ether, almost insoluble 
in pure water, but more readily dissolved in acidulated water, acididatod 
alcohol dissolving it easily. The blue colour is turned red by acid. 
(Knolin, according to Vaserine,’ may be separated from wine by mixing 
the latter with lime to the consistency of a paste, which is drained on a 
funnel. The residue, containing the colouring-matter, is mixed with 
alcohol of 96 per cent., aud treated with sufficient sulphuric acid to 
neutralise the lime and decompose the compound of lime with the colonring- 
mftttcr. The solution is filtered from calciuin snlpliate, and on evaporation 
leaves nonolin as a black powder.® Solutions of oenolin show, when ex- 
amiiieil by the spectroscope, certain Ijands. 

The colour of white wines is due to oxidised tannin ; it takes long to 
develop; hence the manufacturer not nnfrequently adds a little caramel, 
Sbindd this be the only addition, it would t)e injudicious ty consider the 
wine adulterated. 

The artificial colouring of wines by elder-berry, logwood, cochineal, 
aniline, etc.,® is said to exist, at all events, on the Continent; and it is a 
fact that a few home-made, low-priced wines, almost entirely fictitious, are 
passed off by the aid of the same or similar substances; but with regard 
to the ordinary foreign wines in English commerce, there is no reliable 
evidence whatever that any adulteration of this kind has been practised. 
Nevertheless, it is absolutely necessary to be acquainted with the best and 
aost recent methods for the diti'overy of such frauds. 

^ The substances actually found to be used fraudulently as artificial 
Colouring arc—(1.) Bordeaux verdissant, which is a compound of methylene 
plue, diphenylnmino orange, aud the acid-sulpho-derivative of (uchsine; 
fe.) a mixture of amido-benzene, methyl-violet, and the aoid-sulpho-deriva- 
tive of fuchsine. 

In the Paris Lalxrratory* they use three preliminary tests, and consider 

‘ Bull. .Ik. Chim. [2], Xxix., lOV, 110, 

* Aoconfing to h. M. Krohn, the red colouring-matter of wine may bo obtained by 
electrolysis as a deposit on the poritive pole. The colouring-matters used to adulterate 
wines do not pve this deiwsit {fornn. Plucrm. (6), ix., 298-300). 

‘ Souheitan says—“At Fisinea, in the neighbourhood of Kbeims, there has been 
manufactured for more than a century (since 1741) a colouring agent composed of elder¬ 
berries, slum, and water, in different proportions, the prolonged use of which can only have 
iigurious consequences on the health, on account of the alum. Unfortunately, the {Hxidnc- 
tion of this colouring agent {itivie) was enoours^ by a rcyal decree of 1781. , . . 
Recent analyses have shown that this lipiair m Fiamea contains from 20'8 to W'M 
grms. per litre of alum."—ZH'cf.'ias FaUifleathma. Paris, 1874. 

* ‘‘^port on processes in use at the Mn"i"inal T*bnratorv of the eifcv of Pari*.'* 
By Dr. Muter. Anatj/at, 188$. 





wincH I'ennine as to colour if they respond to these tests. On the other hand, 
should the results be unfavourable, the analyst possesses a valuable guide to 
the class or colouring-matters present. The three methods are as follows;— 

(1.) Sticks of chalk arc steeped in a 10 ))er cent, solution of egg-albumen, 
and dried first in the air and then at 100° C. Tho wine is tested by allow¬ 
ing two drops to fall on a surface of the chalk from which tho excess of 
albiuncu has been removed by scraping; genuine wine gives a gray colour, 
and young and highly-coloured wine may give a somewhat bluish tint, but 
there should be no trace of green, violet, or rose. 

(2.) Tho wine is alkalis^ by lairyta-water until it is of a greenish hue; 
it is then shaken up with acetic ether or amylio alcohol. If the wine is 
pure there is no colour in the upper layer, with or without the addition of 
acetic acid. On the other liand, coal-tar colours of a hafir nature colour 
the solvent, and give indications suggestive of amido-benzene, fuchsinc, 
safranine, chrysoidine, ohrysaniliuc, mauveine, methyl-violet, and Beibrich 
rod. 

(3.) 10 c.c. of tho wine are alkalised until the wine becomes of a green 
colour by the addition of 5 per cent, pota-ssium-hydrate solution. To this 
are added 2 c.c. of a solution of mercurous acetate; the whole, after 
shaking, is filtered. With pure wine tho filtrate is colourless, both in 
itself and after acidulating witit hydrochloric acid, while coal-tar colours of 
an ueM nature tint the filtrate red or yellow. 

If cither of the two last tests responds, the wine is further examiued^as 
follows:— 


A.—TUKUE is EVIBENCK FaOM (2.) OF 
AN Anibini! Basic Coloiik. 


B.— Therk is evibksce riauj (S.) op a 
Tar Dye of an Acid NA niiiE. 


Tim amylic alcuhol or acetic ether sol 
veut is sciianitod sad divided into two 
imrts, W. and S. —tho one, W., is evaiKir- 
uted down with threads of wool, the other, 
S., on threads of silk. The wool and silk 
are both coloured red, hydrochloric acid 
discolours it to a dirty blown, but water 
iwtores the red. Jioaatiiline. 

The silk ts coloured rod, bat not the 
wool; the reaction with hydrochloric acid 
docs not take idace. Ha/ranine. 

Violet, and when treated with HC1, 
becomes oluish-grceu, changing to yellow, 
but watd' in excess restores the violet 

Soluble Aniline Viokts. 

Indigo-blue, when treated with HCl, 
but on dilution with water, reddish-brown. 

Mauvaniliue, 

Threads scarcely affected with HCl, but 
decolorised by boiling with powdered sino, 
the colour returning on exiwsure to air. 

UhryooMuidine, 

Straw-yellow threads, becoudiig popi>y- 
red with strong sulphuric acid. 

AmidonUnbeiaol. 

a -yellow threads, becoming scarlet 
, huric acid. Chryteidine. 

Threads of a reddish colour, decolorised 
instantly by a few dn^» of sodium bisul¬ 
phite. 

I>yet amtiogout or eUlied to Itosaniliile. 


Till' wine is strongly acidulated with 
hydrochlorio acid, and shaken up with 
acetic ether (or amylic alcohol). The wine 
is saturated with a slight excess of am¬ 
monia, and shaken up with the same 
solvent. The ethereal fluids are mixed, 
evaporated to diynessj and tested with a 
drop of strong sulphuric acid. 

Parma, violet colour. Socedlim. 

Maroon. Foundatim Fed. 

Blue. Bordeaux B, and B, 

Scarlet. Baneeav, U, 


Bed. „ B., 

Green to violet - The Beibrkh Bed.! 
Fuohsine red. TVopsediue OOOi 

OraUjge yellow, or on dilation with water 
a transient powy-red. ' 

Tropeoliew 0., or Chryeoin*. 

■ Brownish-yellow, EeUanlMiu. 

Yellow. Bosint B. , or J, /. 

S^anine. 

Bthyleoome, 



”:9FniK' 

■ taking advantage of the fact that the colouring-matter of 

wine only dialyses to a minute extent, and that the colouring-mutters of 
Brazil, logwood, and cochineal, readily dialyse, separates the latter cblouring- 
inatters from the wine by dialysis. The same chemist has suggested a 
still more convenient and practical process—viz., the staining of a jelly. 
The jelly is made by dissolving 0 grms. of gelatin in 100 o-o. of ivami 
water, and pouring the solution into a square flat mould made of pa])or. 
From this cake cubes about f inch square are out with a sharp wet knife, 
and are immersed in the wine, taken out after the lapse of from twenty- 
four to forty-eight hours, washed slightly, and sections cut, in order to see 
how far the colouring principles have penetrated. If the wine is pure, the 
colour will lie confined almost entirely to the edges of the slice, or will not 
have penetrated beyond to | inch; most other colouring-matters rapidly 
permeate and colour the jelly. 


(1.) Culoiirmy-^nalfm pfndrntirKj almoly into the jelly ;— 

Colouring-matter of jiure wine. 

>, „ Rhatany root. 


(2.) Vulounnij-mcUlere pemimting rupvlly into the jelly;-— 


Kosanilinc. 

Cochineal. 

bogwood. 

Brazil-wood. 

Indigo. 


Litmus. 

Red Cabbage. 
Beetroot. 

Malva syheetiie. 
Altluea offleAnulu. 


The jelly may be examined spectroscopically, good results being obtained 
in the case of rosaniliuc, red cabbage, and beetroot; and may be also tested 
with reagents—e.y., dilute ammonia dissolves much colour from the slice, 
if the colour should be derived from logwood or cochineal; on the other 
hand, the ammonia remains colourless in the case of rosaniline, rod cabbage, 
and beetroot. 

A simple method for the detection of certain colouring-matters is that 
of lAmmutino:—Shake 100 parts of tlie wine with 100 of coarsely powdered 
peroxide of manganese, and then pass through a double filter; if pure, a 
c^ourless flltrato will result. The process is said to answer well in the 
CTO of logwood and cochineal, but to fail with aniline. 

r A general method, applicable to fuchsine and other colouring-matters, 
is based upon the fact that a groat maiiv of the colouring-matters which 
may be used for pui^ses of wine adulfewtiun (such as caramels, ammoniacal 
cochineal, 8ul^=n(^jT.»tio acid, logwif^nd the lichen reds), arc precipitated 
by acetate of'-Ad; whilst fuchrino, if present in considerable quantity, is 
cnly partially'torown down. Those which are not precipitated may bo 
lefiratod by agitating the filtrate with amyl alcohol. 

The le^ precipitate ihay be treated by dissplving out cochineal, 
iulpbindigotio> acid, and fuchsine, by a solution of potassic carbonate 
2 : 100]. From this liquid the fuchsine is separated by neutralisation 
with acetic add and agitation with amyl alcohol, the rose coloured liquid 
cbtained bang identified as a solution of fuchsine by the spectroscope. On 

^ The oolouriog-matter d Bhstimy root has the same proper^. 
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now acidifying Uio liquid with sulphuric acid, the curminaniio acid from 
the cochineal is removed by means of amyl alcohol, and identified by its 
three bands—viz., ono between D and E in the red, the second in the 
green, and the third in the blue. The indigo remaining may be detected 
by the blue colour, and absorption-band between C and 1), The original 
lend precipitate, insoluble in potassic cjvrbonate, is treated with a two per 
cent, solution of potassium sulphide, which dissolves the colouring-matter 
of logwood and that of the wine itself. Logwood may, however, be tested 
for directly in the wine by the addition of calcinm carbonate and two or 
three drops of lime-water. In the case of a natural wine, the filtered 
liquid is almost colourless, but is of a fine rod colour if logwood is present. 
Isistly, the lichen rod may be obtained by washing the insoluble portion 
left after treatment with potassium sulphide, and dissolving it in alcohol, 
when a red colour and a delinite absorption-band reveal its juesence. 

Eor the detection of fuchsiuo simply, llouillon (Oimjpte limiui)., hxxiii., 
858, 859) recommends half a litre of the wine to be evaporntod down to 
120 c.c., with the addition of 20 grins, of barium hydrate. It is then 
filtered, and the filtrate shaken up with ether; the other is separated, a 
drop of acetic acid, a little water, and a small piece of white silk, are 
added, and- (if an appreciable amount of fnehsine is prosout) the silk 
assumes a pink colour immediately ; if not, the liquid must bo concentrated 
nearly to dryness. 

F. Konig' has a process for detecting fuchsine; 50 c.c. of the <vine 
aro treated with ammonia in slight excess, and boiled with a little pur* 
wool ['5 grill.], until all the alcohol and ammonia are evaporated. The 
wool is washed and directly moistened with strong potash, and heated 
until it dissolves into a more or less brown fluid. After cooling, to this 
is added half its volume of pure alcohol, and then an equal volume of 
ether; it is strongly shaken. The smallest trace of fuchsino is taken up 
by the ether, and is coloured red by acetic acid. 0 4 mgrm. fuchsino in 
a litre of wine is said by this means to be discovered readily. The process 
destroys the natural colour of the wine. 

• § 328. Vogel and othei's have studied the detection of the colouring- 

matters of wine by means of the spectroscope. 

The following curves are examples of various colouring-matters (see 
fig.C6r):- 

No. 37. Wine colouring-matter, (I.) pure, (II.) diluted. 

Nb. 38. Wine colouring-matter, with ammonia. 

No. 39. (L) Mallow colouring-matter concentrated, (II.) elderborty 
concentrated. 1, 

No. 40. Acid cherry. (J) Acid cherry with the addition of tannin. 

No. 41. Mallow colouring-matter with the addition of alum. . 

No. 42. Indigo solution. 

With carefully made comparison solutions, there can be. little doubt 
that the spectrosoopical method of identifying colouring-matters will be 
found of great value. 

lastly, M. A. Gautier * has proposed a method aiming at a systematic 
detection of every probable colouring-ihatter likely to be added to wine. 
How far the whole, or any portion, of this elaborate system will be 
followed and confirmed by chemists remains to bo seen.. 

■ Mer. der detriteh- dum, Gmllseh., Berlin, riii., 2268. 

* J. Phann. CKimi [4], ixv., 8-18 and 102-106. 
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WINE. 



Tlie following abstract of M. Gautier’s paper is taken from the 
Amlysl, i., 1877 :— 


M. Oaui'ikk’s Prookss fob Drtkctikq Colocrino MarrRBs is Wish. 

§ 3JU. Prdiminary Preparation of the Sample .—The sample is mixed 
with j’j- its volume of white-of-egg previously diluted with IJ times its 
bulk of water, well shaken, and, after standing for half an hour, filtered. 
Tfthc wine is very poor in tannates, a few drops of a fresh aqueous 
solution of tannin should bo added before agitating with albumen. The 



filtrate is treated with dilute sodium bicarbonate until its reaction is very 
feebly acid. All the reactions of Table B. must bo made on this liquid, 
except those for indigo, which are executed upon the albuminous pre¬ 
cipitate. 


TaBLB B.— SVSTBMATIC PBOOBSS TO BB F01.L0WBD FOR THB DBTBCTIOK 
OF THB KATUBB OF FOBBION COLOUBIIIG-llATTBBS ADDED TO WINBB. 

A. Having placed aside the filtrate from the albuminous precipitate^ 
-the precipitate is washed until the Washing are almost colourless. 




Two oases may present tliomsclves:— 

(o.) The precipitate after washing remains wine-coloured, lilac, or 
maroon; mm, mturcU, or wlnlterated with the greater part of the suhstanm 
mually employed. Pass on to C. 

(A.) The preoipiUite is of a very deep wine-colour, violet-blue, or 
bluish; winm from the deepeet coloured grapes, or wines coloured with iruligo. 
Proceed to B. 

B. The precipitate is washed with water, then with alcohol of 25 p.c., 
a part is then removed and boiled with alcohol of 85 p.c. 

(«.) The filtrate is rose, or wine-cohmred, A portion of the precipitate 
is removed from the filter, suspended in water, and carefully saturated 
with dilute potassium carbonate. The colour changes to brown or 
blackish-brown; natural, wines, or adulterated with euhetauees otlm than 
indigo. Pass to C. 

(6.) The filtrate is blue. A portion of the precipitate suspended in 
water and treated with dilute potassium carbonate affords a deep blue 
liquid, which changes to yellow by an excess of the reagent. Variow 
preparations of imligo. Indigo. 

0. 2 o.c. of wine are treated with 6 to 8 c.c. of a solution of sodium 
carbonate, which must be added in slight excess (1 o.c.) after the change of 
colour. 

(o.) The liquid becomes IUoa, or violet ; sometimes the liquid becomes 
wine-coloured, or dashed with violet. Jiraal-wood, cochineal, Portugal 
berries, fmhsine, . . . wines of certain sorts, fresh hestroot, logwood, both 
elders, whotileberries (myrtille), Portugal berries. Pass to D. 

(A.) The liquid becomes bluish-green, sometimes with a faint lil4c tint, 
wine, liolli/hoek, privet,'^ whortleberries, logwood, Portttgcd’lterries, fuchsine. 
Pass to M. 

(c.) The liquid becomes greenish-yellow without any blue or violet, 
beetroot (old or fermented decoction), whortleberries, certain rare varieties 
of wine. Pass to L 

D. The liquid C. (a.) is heated to boiling. 

_(*.) The liquid remains wine-violet, rose, or wine-lilac, or becomes a 
brighter lilac; logwooil. Brazilwood, cochineal, certain varieties of wine. 
Pass to £. 

(A.) The colour disappears, or changes to a yellow, or maroon, or 
reddish tint, wine, fuchsine, both elders; whortleberries, Portugal berries, 
fresh beetroot. Pass to F. 

E. Treat 4 c c. of the wine with 2 c.c. of each of a 10 per cent, solution 
of alum, and a 10 per cent, solution of crystallised sodium carbonate. 
Filter. 

(a.) Clcoi- yellowish-green lake (which, may, bo bluish from mixtures 
pf maroon-coloured wines), filtrate colourless, becoming very slightly 
yellow on warming; its own volume of aluminium acetate at 2° B. almost 
wholly decolorises it On acidification with acetic acid, after treabnent 
with its own volume of barium hydrate (saturated solution),' the wine 

,1 The (wlouriug-matter of privet berries is stated to be used in Saxony for ooloaring 
.Wine; it givee an absorption band at D., and a Mnt absorption at F, This odlonring- 
matter is extracted by amyl alooboL Tartario add heightens the oolonr, shutting out 
.all the bine. Almn colours it beantifally bine and broadens the absorption at O., 
while the abear)itjon of the blue and ^^n is diminiehed. Tartaric add annihilates the 
blue colonr, and gives a colonr siimlar to wine; caroftd nentEaliiation witii ammonia 
rjsstorca the blue colour and the band at D. ( Vogtl). 



becomes clear greenisli-yellow or maroon, pure or mixed wines. See 
Table A. 

(A) (Jreenish-bliie lake, or dirty yellowish-green, according to the 
Torieties present, sometimes very slightly wine-coloured. Filtrate bright- 
rose, gradually decolorised on warming, though retaining a tinge of lilau ; 
not decolorised by lime-water in the cold. Coohinbal. 

(c.) Wiue-violet lake, which darkens on exposure to the air. Filtrate 
bottle-green, or grey faintly red (if much logwood is present). The 
filtrate becomes green on warming. Logwood. 

(d.) Lilac, or maroon-lilac lake. Filtrate greyish with tint of maroon. 
On boiling, this filtrate becomes fine old-wine coloured. BaASsiirWoou. 

F. Treat 4 c.c. of the wine with alum and sodium earbonat(! (as 
explained at E.), add to the mixture two or three drops of very dilute 
sodium carbonate, and filter. 

(a.) The filtrate is lilac or wine-coloured, Purlugal herrm, freeli hevlfout, 
J’ass to fJ. 

(i.) The filtrate is bottle-green, or reddish-green, mne, fifJmic, black 
leliler, wluyrttdherriai, h&itrout. Fass to H. 

G. Treat 2 c.c. of the wine with subacetate of lead solution, of density 
15" B. Shake. Filter. 

((?.) The filtrate is rose-coloured, which persists oven when mmle slightly 
alkaline; it slowly disappears on boiling. lime-water desti'oys the rose 
cwlour, PoRTUOAi. Bebuibs. 

(b.) The filtrate is yellowish, or brownish-red. Fhbsh Bebi'koot. 

H. The alum-lake obtained from F. (h.) is— 

(a.)’^eep blue. On treating the clarified wine with a few drops of 
aluminium acetate solution, it becomes a decided violet, or wine violet. 
Jiotb ddere. Fass to I. 

(5.) Bluish-green, green, or faintly rose-tinted, m7i",‘ wlnjiib'burricH, 
ibeHroot, fudixim. Pass to J. 

I. After the test H. (a.) treat a fresh (piantity of 2 c.c. with If) to 
2 c.c. (according to its acidity and the depth of its colour) of an 8 per 
cent, solution of sodinm bicarbonate charged with carljoiiic acid. 

(a.) The liquid remains lilac for a moment, then changes to gR'cnish- 
grey blue. Another specimen treated with sodium carbonate (according 
to C.), and heated to boiling, becomes dark groonish-grey. Buack 
Eu»er. 

(b.) The liquid retains a lilac tint, or becomes grey with mixture of 
' maroon, or dirty lilac. Another specimen treated with sodium carbonate 
(as at C.) tends to discolour on heating, the green being replaced by red. 
Dwarf Eldkb. 

J. Treat 6 o.c. of the clarified wine with a slight excess of 
ammonia, heat to boiling, and after cooling shake with 10 c.c. of ether, 
decant and evaporate the ether, and treat the residue left on evaporation 
with ar-Lcic acid 

(a.) The liquid liecomes red. Fuchsikb. 

(ft.) The liquid does not become reii, wine, wlwrtleijerrm, froth beetroot. 
Fass to K. ^ 

K. Another specimen is treated according to C. with sodium carbonate. 

(a.) The colour darkens or becomes red on beating, wlu>rtleberTie»,f resit 

beetroot. Pass to L. . . 

(ft.) The greenish or bluish-gtoen liquid, possibly having a wino tinge; 
Jias a tendency to discolour on heating. Natural wine. 
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L Trojilofl with sodinm hicarljimato aci'nriliiig to the rules given at I. 

(a.) The liiiiiid is deep grey, slightly groeiiish, green, sometimes green 
witli very slight lilac tint. 

The elitrified wine, treated with an equal volume of saturated baryta 
water, and filtered after standing for fifteen minutes, gives a dirty yellow, 
or slightly greenish filtrate. 

With an equal volume of aluminium acetate of 2“ B. it gives a lilac 
wine-coloured filtrate. 

With a few drops of alnniinate of potash no change of colour. With 
sodium carbonate, employed as at C., the liquid tends to lose its colour on 
heating. AVith barium peroxide, used according to TaMc A, column P, 
the liquid is faintly rose tinted, with or without an orange-coloured deposit 
on the barium peroxide. Natubai, Wink. 

With the general characters above indicated, if with baryta water it 
affords a madeira-oolourcd filtmte, changing to Iniff on aindulatiou with 
acetic acid; if with borax it becomes deep-green with a blidsh cast; if 
with alum and sodium carbonate (as at E) a precipitate falis of a deep 
bottle-green, with bluish tinge, and if with aluminium acetate it remains 
rose-coloured with no change to violet-blue. Tkintukiei!. 

(6.) The liquid is reddish-yellow or t)rown-lilac. By trcatnieut with 
acetate of alumina the filtrate is clear lilac. With a few drops of 
aluniinatc of potash the colour becomes that of the skin of an onion, and 
with a largoi' quantity of the reagent the colour is green, tinged witli 
maroon. With sodium carbonate (employed as at 0.) the fluid passes to 
yellowish or greyish-yellow, with tinge of red. With barium peroxide, 
flcsh-colonrcd liquid with considerable orauge-coloured deposit iif contact 
with the peroxide. BBKTB<JOT,/(sr»iejife(f or not. 

(c.) ’I'he liquid is yellowish-grey, with tinge of green or red. With 
baryta water the filtrate is yellowish olive-green. With aluminium 
acetate the filtrate is bluish-violet, or violet-lilac. With aluminate of 
potash, fresh rose, becoming yellowish-green, with an excess of reagent. 
M'itli sodium carbonate (as at C.) the fluid becomes deep grey on heating. 
With liarium peroxide the fluid is bleached, or remaius but very slightly 
roseate, with a trace of orange deposit in contact with the peroxide. 
WllOBTLEBKBBIES. 

M. Tlic mixture of wine and alkaline carbonate C. (b.) is heated 
to boiling. 

(a.) The mixture becomes lilac-violet, or violet. Logwood. 

(h.) The mixture tends to become decolorised, or changes to yellowish- 
green, or dark green, or maroon green, natwal tmnes, wbortUbemes, both 
Men, privet, Portugal berries, fuehsine. Pass to N. 

N. Treat the wine with alum and sodium carbonate, as directed at £., 
and filter. 

(a.) The colour of the filtrate is lilac. 'Portugal berries, 

(A.) The filtrate changes to bottle-green, or reddish-green. . Natural 
icines, rvhortleberries, hoUyhork, privet, both elders, fuehsine. Pass to 0. 

O. Treat 2 c.c. of the clarified wine with 3 or 4 c.o. of a saturated 
solution of borax, according to the intensity of the colour of the wine. 

(a.) The liquid remains wine lilac, or with some violet tinge, both Mere, 
privet, whortleberries. Pass to P. 

(5.) The fluid becomes bluish-grey-flax-blossom, greenish or bluish-grey, 
with very faint trace of I'lac, pure wine, whortleb^es, hdlyhoek, fuehsine. 
Pass to B. 
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P. Trciit a now iiortioii of wine with sodium bicarbonate (as directed 
at I.). 

(a.) Tlie tint, at first lilac, cbangM afterwards to grey, slightly brownish, 
or to maroon. If a new portion bo treated with sodium carbonate, according 
to C., and then heated to Iwiling, it beoonios clearer, and loses its green 
tint. 

The lake obtained according to K. is deep bhio-green. Dwauf Ei.oijr. 

(J.) Tbe specimen remains grey, tingtd with green, bottle-green, or 
yellowish. Sometimes (black elder) it acquires a lilac tint, which almost 
immediately disa])pears, changing to a greenish-groy-blue, vihorttHberries, 
hlaek elder, privet. Pass to Q. 

Q. Treat a specimen of the wine with alum and carbonate of soda (as 
directed at 10.). .Shake the mixture, and after a few moments throw it on 
a filter. 

(a.) The lake remaining on the filter is deep green-blue; the filtrate is 
clear bottle-green. A sample treated with sodium carlwiiate (as at C.) 
darkens and becomes grey, slightly greenish, on heating to boiling. Black 
Kldeb. 

(i.) The lake is clear bluish or greenish. 'ITie filtrate is clear bottle- 
green. A Bumple treated with sodium carbonate (as at C.), and heated to 
boiling, changes to dirty yellowish. PstVET. 

(.'.) The lake is ash-green faintly rose-tinted. The filtrate is bottle- 
gfccn, with tint of maroon. A sjimple treated with sodium carbonate 
(according to C.) becomes deep grey on being bc.ated to boiling. VVhobtlb- 

nEBKlBS, 

H. Treat a specimen of the wine with ammonia and ether, as directed 
at .1. 

(a.) The other being decanted and evaporated, the fluid residue becomes 
rose-coloured on treatment with acetic acid. Fuousine. 

(6.) The liquid left after the evaporation of the ether does not become 
red on acidification with acetic acid, natural toinen, Itollyhoek, whortleberrien. 
Pass to S. 

S. A sample is treated with its own bulk of a solution of aluminium 
acetate of 2’ B. 

(rt.) The colour of mixture remains wine-coloured, natural tvines, tehorlle- 
herriee; differentiate between them, as directed at L (a), and L (c). 

(6.) The colour of the mixture becomes violet-blue, hollyhock, tvhortle- 
lierrim. Pass to T. 

T. A specimen is treated with alum, and sodium carbonate (as at E.), 
and after a few moments filtered. 

(a.) The lake is clear green, slightly bluish, and rose-tinted; filtmte i 
bottle-green, with little maroon. With l.orax (as at 0), particularly if th 
sample has been concentrated, the liquid is grey with trace of lilac. ■ 2 c.( 
of the liquid treated with 3 c.c. of dilute ammonia (1 vol. of liq. ammoni 
with 10 vols. of water), and the mixture diluted with its own bulk of watei 
gives a liquid which is yellowish-grey, greenish, or greenish-grey. Th 
other characteristics as at'L. Whobtlebebuies. 

(6.) The lake is green, slightly bluish, quite free from rose, filtrat 
clear bottle-green. With borax the liquid is greenish blue-grey. Wit 
ammonia (as above), dark bottle-green. With aluminium acetate (as at S.] 
nluish-violet coloration. HoUjYHOck. 

Although somewhat difficult, this systematic method serves for th 
discovery of several colouring-matters mixed in one wine, if the indications e 
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Tables A. and B. are carefully observed and followed. It is always desirable 
to determine the presence of fiichsine by the special reactions given further 
on. By moans of Table 15. the presence of one or several of the colouring- 
matters may bo detecteil; but before deciding, it is as well to verify by 
repeating, for the substances so found, the reactions of Table A. on the 
sample; and also the more special charaeteristics given further on, for the 
ideiitilicution of those substances. 

ai’K(!IAL UKACTIONS FOB THE nKTECrriON OP OBBTAIN OP TUB 
OOIX>URING-MATTEltS MIXED WITH WIN1». , 

BrazU Wood .—Even a very strong clarification (two or three times 
more albumen than mentioned at the head of Table B.) docs not wholly 
decolorise the adulterated wiuo. It becomes yellow-buff, wliich on exposure 
to the air gradually changes to red. If a wine that has been adulterated 
with Brazil-wood is clarified, and then a skein of scoured silk, washed with 
dilute tartaric acid, be soaked in it for twenty-four hours, and then with¬ 
drawn, washed, and dried at 60° to 70° C., the silk will bo found to bo 
dye<l lilac-maroon, or red. In pure wine, the skein remains wine-coloured 
or lilac. 

If the dyed silk be now dipped into dilute ammonia, and heated to 
100° U for a moment, it becomes lilac-red, if Brazil-wood were present; but 
deep grey, with scarcely a tinge of its original colour, if the wine wdre 
pure. If the ammonia be replaced by lime-water, the skein changes to asli- 
grey if Brazil-wood were present; but to a dark, dirty-yellowish-red if the 
wine wore pure. Einally, if the skein be dipped into aluminium acetate, 
and then heated to 100" C., it retains its wine-red lilac colour. This 
reaction differentiates Brazil-wo«i from logwood. 

iM/ioood .—If the colour due to logwood is in excess in the wine, 
ammonia gives it a shade of violet; if the proportion of logwood is small, 
the reactions B, L, N, of Table A., which are very delicate, should be tried. 

A skein of silk, prepared in the manner described for Brazil-wood, and 
treated with logwood, becomes dyed lilac-red, or maroon, which dilute 
ammonia changes to violet-blue tinged with grey, and acetate of aluminium 
to bluish-violet. 

Gochmeal —The lilac, or roseate tints due to the reactions A, B, H,,K, 

_ of Table A., are very sensitive, the last being very characteristic; the only 
substance- likely to be confounded with it is the phytolacca (Portugal 
berries), which is differentiated by the reaction B, of the same table. 

A skein of scoured silk, mordanted with aluminium acetate soaked in 
the clarified wine for twenty hours is dyed of a wine violet colour, analogous 
to tliatof pure wine, on being dried at 100° C. The colour does not change, 
even at 100° D., by cupric acetate (exclusion of fuchsine); but if the skein 
he dipped into a dilute solution of zinc chloride, heated to 100° C., and 
then wetted with sodium carbonate, washed with water and dried, the 
colour becomes fine purple, whereas with pure wine the tint would remiun 
sombre grey-lilac. 

Cochineal may be discovered by the spectroscope if present in large 
I'oantity, but if it amounts to only about 12 per cent, of the total coloration, 
t cannot be so detected. It rapidly separates from wines, being precipitated 
B the lees. ' , 

f Buchgine .—litis should he sought for in all wines found to he adulterated 
vith other substances, The reiwtion J of Table B., p. 46ff,- is very sensitive. ’ 



Great care mnst lie taken to avoid loss of rosaniline from imperfect decom¬ 
position of its salts in solution; moreover, arsenic should always be sought 
for where the wine is found to contiiin any aniline. Fuchsine rapidly 
separates from the wines to which it has been added. A skein of silk 
becomes dyed rose by soaking in a wiuo adulterated with fuchsiuc, and its 
colour passes to yellow on treatment witli hydrochloric acid, but to bright red 
if the wine was pure. The dyed skein treated with dilute enpric .acetate, 
and dried at 100° C., becomes fine deep rose-violet if fuchsine is present, 
and of a lilac tinged with ash-grey if the wine is pure. This reaction is 
very sensitive. 

Plij/ii'J(Vfa —(Portugal berries). The rose or lilac colorations of the 
reactions A, G, and especially 0 of Table A., are very sensitive. 

Ifollyhoik—(AUhaia rosat), much used. This sulratauce impirts a 
peculiar flavour, which in a few mouths becomes actually disagreeable, while 
the colouring-matter itself rapidly precipitates. 

Beetroot .—This is generally employ^ only to mask other adulterants. 
The lilac tint of reaction G of Table A., if the beetroot is fresh, and the 
yellowish colours duo to alkalies (reactions D, E and F of Table A.) are 
very sensitive, oven with old decoctions. 

Blade Elder, Dwarf Eltler. —The dwarf elder imparts a faint turpentine 
odour to the wines. The berries of both varieties are particularly used to 
communicate a special colour and flavour to port wine. The teinte de 
Mismee (p. 457), largely used at Fismea, Paris, and elsewhere, is mivde by 
digesting 250 to 500 parts of elder-berries, and 30 to 60 parts of alum, 
with to 600 parts of water, and then submitting the mixture to pressure. 
M. Maumene reports having discovered as much as 4 to 7 grins, of alum 
])er litre in wines adulterated with this substance. Sometimes (though 
rarely) the alum is replaced by tartaric acid. Wines aijulterated with 
either yield a violet-blue lake (reaction H, Table A). By comparison with 
pure wine the difference is very marked. 

A piece of flannel, or skein of silk, mordanted with aluminium acetate, 
heated for some time in the suspected wine, then washed, and immersed in 
water made faintly alkaline with ammonia, becomes green if the wine is 
pure, but dark brown if black elder is present. Probably the same reaction 
occurs with dwarf older. 

Prmt .—This is seldom used. The general reactions, particularly A 
and G of Table A., may bo referred to (see also footnote, p. 462). 

ATfno.—Said to be coining into use. It is precipitated by gelatin, and 
^gives no definite absorption bauda According to Etti* kino red is the 
Sauhydride of kinone, and has the formula 

■ Indigo .—^The reactions A (5) and b (5) of Table B., p. 462, are so 

W sensitive that they are alone sufficient t» characterise indigo. Wool or silk 
* mordanted with alumin'um acetate, heated with 20 to 40 c.c. of the sus¬ 
pected wine nearly to dryness, washed, and then dipped into very dilute 
ammonia, become dirty green if the wine be pure, but blue if indigo be 
present. Indigo being often usedto mask the too bright colours of cochineal 
and fuchsine, these sherald always be sought for after the removal of the 
iudigo by clarification with albumen. Indigo very rapidly separates from 
wines, and it may frequently be found in the lees, even when the wine 
iteelf gives no indication of its presence. Except in such cases as indigo 
and cochineal, it is only upon a aeries of concordant reactions that the' 
presence of an artificial colouring-matter should be affirmed. 

> Jhr. * A e/im, xL, 1888, 1879. 
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§ 330. Minml Stihafanren, or Anh .—TIio tiali of a great many wiues, 
and especially of slierrios, imported into this country, consists nearly 
entirely of sulphates.^ This is duo cither to sul)diuriiig or plastering. It 
is found absolutely necessary to charge many wines slightly with snlpluirous 
acid, some of which hecoinert sidphurio acid ; and insinJi a case tin; chlorides 
and <*arhonic acids are diminished in the ash, and the sulphuric increasi'd, 
hut the total weight of the ash itself is not niaterially imn-eased. On the 
otlier haml, y)last(;ring (hv whic,h is meant th(5 ad<lition of plaster of Paris 
to the grape's before they are cruslmd) lias the effect, hy its rea<!tion on 
(jream of tartar, of producing a soluble sulphate of polassiuin, which may 
very niat«‘rially increase the ash of the wine.- 

Umler absolutely normal conditions, the ash consists of cnrhoriato, 
sulphate, phosjjliate, chloride of j)ot}issium, chloride of S‘>dium, jjiiosphate 
and <yu*hoim.tc of (*alcium, with very small (juantlties of magnesia, iron, 
silicii, ainl frctjnontly litlnurn an<l manganese. 

'The Jish from a litre of wine exaiuiued hy Uou^singault contained— 


I’atash,® 

Lirac*, . 

MagiK'SUi, 

Phosjilioric Aoit], 
Suijihuric Acid, 
Chloiiiiv, 
(-'arl)oiU'- Acirl, 
Suiid and Silica, 


Qi-mii. 

0*842 
0*05>2 
0-172 
0*112 
0*090 
a trjvce 
0*250 
0*006 


1*870 


With regard to the analysis of the ash, etc., see p. 93, ef Heq. 


^ The s'llphuvic a<5id in sherncs hing«’s from 1*5 to 8 guns. y»er litre (equal t(f from 
19'0 to 9^{*8 grams jH'r botth- of *, gallon). 

- A plastewl wine contiiiis more jmiasli than one not plastered, for in the latter 
Ihi'ro is a ilepositieii and S(q)arati<»n ol the hydro*polassio taiirate, laiiin plastered wiiich 
fmni flouhh* dm)nipo8itnni eah'iuni tartrate is formed ami dennsited, whilst potasaic 
sulphate jKiwsoa into sedntioji. A<*conling to Ililger, a plaaterod wino always contains 
iiinr<' fclifin *06 ]ier eciit., SO;,, and shows a notable increase of tlie ash constituents. The 
general view of tlie reacUiui wliicb occurs on tlic addition of calcitr sulphate is that some 
tartaric acid is .also sist free according to the following e/yuatiou 

•2(;jHf,lC(),,hS04<'a=C4nA06+«04K2H-CjH«0fl. 

This free aidd again acts on the jMjtassic sulphate, fonniiig SO4HK and CiU^KOq. 
K. Kayser, tui the other liand, cuiisidera tJiat froo phosphoric acid is formed — 
S04C{i H- C4H8K06=SO411K + C4H4(laOti, 

and Iheii ri()4HK+P04ll4K=>S04Kj+P04H3, 

and that it is this IW phosplioric acid which gives the lively tint to red wines. Plastering 
<5l«‘ar8 a wine rapidly, hei-auso the calcic tartiate quickly separat-es. The main chemical 
eliaugt's, thci-cfore, which can l»e traced am, briefly, a deemase in the tarrarie acid and an 
increase in }K)tash undsiilpiiates. The standard in use in the Paris Municipal Laboratory 
IS *2 grms. jicr litre of potas.sie sulphate; should a tviiio contain more than this quantity, 
it is considered plastered. The maximum amount of potassic sulphate found hy M. Marty 
in ^muine wine was *6 gnn per litre. A preliimnaiy oxannuation of the wine is etfected 
IKS follows:—A solution of 5*608 grim, of baric chloride and 100 c.c. of HCl is made up to 
a litre with w*ater. Two tubes are eliarged, each witli 20 c.c. of wine, and to the one is 
added 5 c.c. and to the idber 1(1 c,c. of the barium of chloride solution. If, after the 
precipitate has subsided, the clear liquid fmm the 5 c.c. tube gives no precipitate, the 
wine is not jdastered ; or, if it gives a jirecipitate, whilst the second tube gives no pre* 
cijntatc. the plastering is bonoath the siaiidairi ; but if the second tube gives aprecipitato, 
the wine is plastered, and the iisiiai melhoflb of Cbtiniation must be adopted. 

^ The rule is that nearly iialf t he ash of anatui-al wine condsts of-K^O in combination. 
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§ 331. Ikfertimi of FJouhoi'afes amJ .?V7/^wii7jf<i/rs,—Alkaliup fliioborates and sonii*- 
timi's alkaline Hno^ilicates aie nsad as aiitiBe}>ticB in the manufaeture of wine. Their 
detffition ia as follows:—100i!.c. of wine ait? treantl with an excess of caleinra hydrate 
and evajkoratedto dryness and i^iited. Should flnoborate have been used the borate of 
lime is soluble in acetic acid, while both fluoride and silicate of lime are inaoluhlo in 
acetic acid. Therefore, afl-cr ipnlion the ash is trealfid with acetic acid and filLereib On 
eva|>orating the acetic acid solution to dryness ihc residue is ti*!«te(l for boric acid as 
dcserilicd rm }>. 231. Silioaies art; deteruiiuod hi the insolnblc ])ortion of the ash I’eniaiii' 
iog on the filter, uud fluorides liro delected by heating 1 lie ash so us to i-euder it anhydrous, 
and, after nuxingwitli a little sand, transfmlng it to a test-tuW, (hen adding suflieient 
strong snljdmi’ic acid to form a jastc and ehtsing llie mouth of the testd-uhe with a cork 
carrying u small U-tubc, a single dvoj) of water having Wen put iu the Isiiid. On now 
healing the tesl-lube, fluoride of silicon is i^olved; but. immediately decomposes on 
])assing through the drop of watiT ; hence thera is a characteristic dep.)sit of gelatiiioiw 
silica ill the U-tnbe. 

II. thcioforc, by tbe.so pmcchses silicon ami fluorine arc detected, the ainmiiit (►f silica 
being in ‘'xcess of what is usual in the usb, a silieoflmuide bus been mlded ; or, if fluorine 
and boric acid have beuii fouiid, this denotes the presence of a llnob"t,.tc. 
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VINEGAR. 

S 33'-’. Constituents uj Vummereud Vimyar. — Viuogar is a lii(uid 
lONulting from the acetous fermuutation of a vegct:>.blc infusion or decoction ; 
it contains acetic acid, acetic other, alcohol, sugar, gum, extractive matter, 
idkaliiie acetates, and tartrates, and a variable amount of salts (deiieuding 
on the substances from which it hiui been produced). 

Yarietm of Vineijar. —I’he chief varieties of vinegar are as follows:— 

(1.) Mall-Viiwyar .—The great majority of commercial vinegars in 
t^is country ivro derived from the acetous fermentation of a wort, made 
from nii-xfures of malt and barley. Malt-vinegar is of a decided brown 
colour, an specific gravity varying from 1-017 to 1-019; it is of various 
degrees of strength, the manufacturers distinguishing difl'creut kinds as 
-Nfis. 18, 20, 22, and 24 respectively, the lust being the strongest, and 
eoiit,lining from 4-6 to 6 0 per cent, of acetic acid. • 

Malt vinegars contain from -OO.") to -12 jior cent, of nitrogen. Vinegar 
made from sugar contains, according to Allen, about -016 per cent, of 
nili-'igen. 

Malt vinegai-s contain phospbatos in quantities varying from -057 to 
-093 per cent, calculated as pbosphorie acid. They should only contain 
sulphates derived from the malt and water used in tlieir manufacture; 
this should not amount to more th.n about -01 to -04 per cent, calculated 
as sulphuric acid. Malt vinegar cuu'.iiins no acid potassium tartrate. 

(2.; H'inc-Vinegar is the chief vniegariu Oontineutal commereo. It 
is prepared from grape-juice and inferior new wines; that made from 
■white wine is most esteemed. The wine-vinegars vary in colour from 
pale yellow- to red; they have nearly always an alcoholic odour, and 
contain some alcohol; specilio gravity f'om 1-014 to 1-022. A litre of 
Orleans vinegar (according to Oheiailiei’s* analyses of actual samples) 
saturates from 6 to 7 grms. of dry carbonate of soda. The extract from 
pure wine-vinegar varies from T38 to 3-2 per cent., the average being 
1 -93 per cent., and always contains from -25 to -5 gnu. of acid potassium 
t.-irti-atc (see Table LIV.). 

Small quantities of reducing sugar (from -007 to -46), as w-ell as some 
of the wine etbei-s, are usually present. The relation between the extract 
and acid does not, as a rule, exceed 3-5 per cent. 

CiiUr Vinegar has a characteristic taste and odour of apples. It 
contains an average extract of 2-8 per cent, and from 3-2 to 7-6 per cent, 
of acid and -SI to -61 per dent of ash. 

’ Jaum. (fJlyg., 1877, No. 16. 
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The solids consist of glycerol, albumiuons matter, gums, malic, and 
other organic acids. It gives no optical rotation, and has no reducing 
l)Owcr after clarification with lead acetate. The ash contains a large 
amount of potas.si\ini, hut no sodium. The phosphates in the ash are 
high (42T to 17-8 ))or cent, of the ash), and diller from those contained in 
other vinegars in that at least J of them are soluble in water. Crai- 
Viimjar is made from the crab apple, and is common in Wales. 

tijiirit Vinci/ar is made from alcohol, and differs from the others in 
having a small extract and only a trace of ash which has a very slight 
alkalinity. It contains only a trace of jdiosphates. 

Groin and Hui/ar Vinei/ars. —These are made from various grains, such 
as maize and rice. They are similar to malt vinegars, but contain less 
nitrogen. They often contain much sulphate. De.vtrin is usually present, 
and may be precipitated by alcohol. 

Varioiw Artifirial Vinuijan, such as diluted acetic and jiyroligueous 
acids, coloured to resemble the dearer kinds of vinegar. 



The above table oonlains results reduced and collated from Saiigle Ferriiire, Allen, 
Heliner, and o( bets. 


§ 333. Adulicratiom .—^The adulterations of vinegar are— 

(1.) Mineral acids, espetaally sulphuric, more rarely hydrochloric, and 
still more rarely nitric acids. 

(2.) Metallic adulterations, or rather impurities; such as arsenic' 


' “The observations of M. Desehamiis induced us to analyse a vinegar sold 
certain Sienr G. . . . The presence of arsenic in this vinegar was ascertained, a.nd 
Sieur C. was comiiellod to confess that the vinegar had becn..muicd with wood-vinogtr. 
On resorting to tlie person who furnished the latter product, the whole of the wood- 
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§ 384.]' 

(derived from Buljjlmric acid), copper,* lead, zinc, and tin, from the solvent 
action of the acid on any uictiillic surfaces with which it may have come 
in contiU’t. 

(3.) Pyroligneous acid. 

(4.) Vai'ioua orgsinic substances, such as colouring agents, and c.ipsicum. 

§ 334, Aimljisinuf Vinegar.—(\.) Water .—(lood viuegiir should contain 
from r> to 7 per cent, of acetic acid (OjlIjO^). Three ])er cent, of acetic 
acid is, however, tlie"standard lulopted m tliis country by the Oovcrnmeiit 
Laboratory for the pur[)oscB of the Sale of Food and J )rngs Act. 

The amount of acetic acid may bo o.stimatcd with fair accuracy by 
diluting 6 c.c. of the sample with 50 o.o. of water and titrating with d. n. 
sodium hydroxide. The percentage of acotio acid is one tenth of the uoiuber 
of c.e.s of nlKali mpiired for neutralisation. 

Tlte acetic acid may also be estimated by distilling 110 c.c. until 
100 c.c. have been drawn over, that is, ten-elcveuths, The 100 c.c. will 
contain 80 per cent, of the whole acetic acid ju'csent in the 110 c.c., and 
may be titnited ; or the specific gravity of the distillate may bo taken, and 
the strength found from the following table:— 


rer cent. Sp. iir. IVr cent Sp. pr Per rent. Sp. sr. 

1 . . 1-001 8 . . 1-Olli l.'< . . . 1-U22 

. . . 1 002 0 . . . l OK! 16 , . . 1-023 

3 . . . 1-1104 10 . . . 1-016 17 . . . 1-024 

1 . . ■ 1-006 11 . . . 1-016 18 , . . 1-026 

6 . . . 1-007 12 . . . 1-017 10 . . . 1-026 

6 . . . 1 008 13 . . . 1-018 20 . . . 1-027 

7 e. . . 1-010 14 . . . 1-020 


''illegal- may also be distilled in a vacuum produced by a mercury or 
w.ilorpump; it should be distilleil into caustic soda or iwtash of known 
si rength, and then titrated back. By distilling thrice to dryness, adding 
a little water each time, the whole of the acetic acid comes over. 

It will be necessaiy to test the distillate for the presence of hydro¬ 
chloric acid, and also to take the acidity of the vinegar without distillation, 
so as to control the results. 


If alxsoliitely accurate determinations are required, it is best to add 
an excess of carefully weighed pure Carbonate of lime to a known weight 
of the vinegar; the liquid is boiled filtered, and the residual carbonate of 
lime filtered oil’, dissolved in slight 0.40083 of normal hydrochloric acid, 
and titrated back with caustic soda and cochineal solution. From the 
amount of carbonate thus found to have been unacted on by the vinegar, 
the total acidity is calculated. Carbonate of larium may with advantege 
replace the lime carbonate. 


Toial Soli<!.s or Extract .—5 c.c. of i,ho vinegar should bo evaporated 
to a constant weight in a platinum dish on the water-bath. 
~^" ^lip i u « ptil Gexhausted of malic acid is said to be added to vinegars in 
si-der to incregf jgj v, 9 ''^, residue. According to Dr. Frear** any residue 
containing i , (.'upreducing sugar in its total solids 
contains unfermeoteef su^r material. If tbe samide is suppf) 8 ed to be 


♦Up reducing sugar in its 

iteef sutair material. If tbe sample is supi 


vinegar in liis possession was found arsenical, and seized, in ardor to bo rinployed only 
for industrial use.”—“Lc Vinoigro,” Cbevallier, Joum. iVSyg,, No, 46, June, 1877. 

r Seven out of twelve samples of vinegar sold in Paris, and analysed by Alfr^ 
Richo, contained c«p]wr varying from 6 to 16 mgrms. per litre. Jirm%. Vharm. Chita. 
[41 xxvi., 23-28. 

^ JicpeHoftJu PcitnitylfaHiti Ik^jarimetUtg' Jgi'icultiire. 1888, p. 188. 
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irve feine rimjar, the solid residue should he tested for acid potassium 
tortratc. 

As/i. —Tlie residue fi'om 10 c.c. should l)c burned at .as low a tempera¬ 
ture as ])Osailile. It should be tested for chlorides imd sulphates; these, 
if excessive, should ho estimated. The total phosphates aud the soluble 
phusphatc.s should be estimated. 

If the ash of viucf'ar is less than 10 per cent, of the total solids, 
unfermeiited sugar material is probably present; wdiile if it be less than 
6 jjor cent, of the solids, it cannot be a genuine eider vinegar.' 

NHnxji'n. —J'ho amount of nitrogen shoulil be estimated, by the 
Kjcldahl-tjuiining metluKl. in 50 c.c. of the sample. 

Mineral Aridt .—lly the Viuegiir Act of Itlld, sulphuric acid was 
allowed to be iidded to vinegar, “in the projmrlion not exceeding one- 
thonsandth part thereof by weight.” This Act was, however, repealed in 
1861, aud it is now illegal to add any mineral acid to viuegai'. flood 
vinegar should eoutain no mineral stdts other than those eonlained in the 
brewing materials, There is, however, at present no legal decision 
preventing manufacturei’s from using water heatily charged with sulphates, 
or from adding calcium sulphate, or from introducing ealcium sulphate 
by ‘killing’ the acid with lime in the mannfiwture of viuegiir from grain. 

Free Hi/droehlorie Arid is deleetcdhy the distillation already described, 
and the testing of the distillate with nilrjite of silver. 

Free Nifrie. Arid may (in the absence of other reducing agents) ^)c 
detected by the rapid decoloration of it solution of indigo carmine added 
to the boiling vinegar, or by the diphenylamiuc test (see article on Water). 

Free Fid.)>h,arie Arid cannot be detected liy the usual chloride (51 Imrium 
test, for it fails to distinguish between free and combined snlphiiric acid. 
The charring effect of the acid on jiaper, on sugar, or its action on starch 
(formerly taken as the basis of tlie older tests), is now re|ilaced by more 
scientific methods, aud need not be described here. 

One of the most speedy tests for the presence of mineral acids is that 
proposed by A. IfilgorTwo or three drops of a solution of methyl 
aniline violet (Od : 100) arc added to 25 c.c. of vinegar; if pure, no colour 
is produced ; but if '2 per cent, of any mineral acid is present, the colour 
is blue : or if ’5 ])er cent., blue-green ; aud if 1 per cent., green. 

A. Ashby’s test is also a relialile and rapid one;—A drop of logwood 
extract in water (0'5 gramme to 100 o.o.) is dried on a porcelain plate, 
a drop of vinegar added, and again dried. Pure vinegar gives a yellow 
residue, but if free mineral acid Ire present the residue is red. 

Another useful test is that of M. Strohl;® it is based on the well- 
known fact, that oxalate of lime is insoluble in acetic, but soluble in 
mineral acids. The solutions requisite are—a solution of calcic chloride 
(15T grins, to the litre) and a solution of crystallised amnionic oxalate 
(28'4 gnus, to the litre); | c.c. of each of these liquids is added to 60 c.c. 
of the vinegar under cxamiiiatioii, and if the turbiditv -'ueh is at first 
produced does not disappear, the liquiil contqigf vinegar are— 

1 "0 gmi. )>cr ciiiit, sulpliui'ic acid (spViik.'-rarely hydrin 
2'85 „ hydi'ochloricacidi ,, ,, I'ln; ,, 

4-40 „ nitric acid ( „ „ ]-174) „ 

The test, without claim to great accuracy, is extremely useful; for if any 

’ JUpoH ofihe Pcnnsytvaitia JtrjwrtmeiU of AgrieoUnre^ 1888, p. i.'lS. 

“ .‘Irdiieier rhanmeie, 1878,19J. ’ Arch. Pham, [ii], 4, 842-348. 
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suspiciouB indicjitioii be observed, the vinegar may be tlicn submitted to 
a more elaborate examination for free acids. 

An speedy as any of the foregoing, and at once more scientific and 
aocui-ato, is the process inlioduccd by Hotmor. Its principle is based upon 
the fact that vinegar always contains potash and soda salts of the organic 
acid; hence, it is obvious that sulphuric or hydrochloric acids, if added in 
small quantity, merely decoinposo an equivalent quantity of acetate or 
tartrate, as Iho case may he, and as free acids immediately disappear; 
hut if luhlod in exce.ss of the amount of acetates and tartrates, the excess 
remains as free acid. It thus follows, that if any imdeconiposed acetate 
or tartrate exists in the vinegar, it is impossible for a free mineral acid to 
he jire.sont; and since the iu-etatos and tartrates arc decomposed by 
ignition into carbonates, the readiest way to ascertain their existence is to 
e.vamino the ash of (he vinegar for carbonates. If that ash is neutral, 
free mineral .acid is probably jiresent; if allmliiie, no free aeitl can be 
]ire.‘..ent, although, of course, a small quantity may originally have been 
adder 1. 

The qualilat'vo test devised by TIehner is also made (|uantitative. If 
an aceurately estimated volume of d. u. soda solution is added to a known 
(]u.antity of the vinegar, so as to neutralise slightly in excess the total 
amount of free mineral acid present, on ignition the alkalinity of the ash 
gives the measure of the quantity of free sulphuric or hydrochloric acid. 
The exact details of this operation, as pi'actised by Ilehner, are as 
folio50 e.e. of the vinegar arc mixed with t!."i c.c. of d. n. soda; the 
liquid is evaporated mi a water-bath in a platinum hsisin, the residue dried 
atahout*110" 0. and carefully incinerated at the lowest possible tcmjieralure 
—the u.sh need not be burned white. 2.5 o.c. of a d. n. sulphuric acid 
solid ion are now added to the ash, the liquid heated to expel free Cflj, 
and liltercd. The iilter is washed with hot water, litmus a'/ded,^ and the 
aciility ascertained by d. n. soda. The volume of soda necessary for 
neutralisation directly gives the jiroportion of free mineral iusid jiresent 
in the vinegar, 100 c.c. of d. ii. corresponding to AO grin, of H^SO,,. If 
tho amount of alkali originally added should have been insufliciont, it is 
necessary to recommence the experiment. For this reason Allen and 
Bodmer made some exjieriments in which tho jireceding manipulation was 
modified by neutralising the wiA.'./i, I the acid, organic and inorganic, by 
soda sobr ion. The results were satisi'actory, but great care must be taken 
to titrate accurately. 

Anotlvr very satisfactory way of sojiarating and identifying the free 
mineral acids in vinegar is the following:—Saturate a known quantity 
with cinchonine, evaporate to dryness, (.i’,e up the cinchonine salts with 
spirit, recover the spirit by distillation, issolve the cinchonine salts in 
water, and precipitate by ammonia. The aqueous liquid will now contain 
■*’ie acetate of ammonia, together with tho sulphate, chloride or nitrite; 

tiny three, of the free acids were present, the acids may be 

(leteiTOiu^ of dec—Aj!;-•' 

A metlioo . ^ ‘■.'j.“~*»‘di^’dree suljiburic acid from sulphates is to 
evaporate the vinegar to a syi'ap, precipitate the sulphates by alcohol, 
filter, wash the precijiitated salts with alcohol, and determine the free 
sulphuric acid in the alcoholic solution. Provided sufficient alcohol lie 
added, the sejmration of free from combined sulphuric acid is exact. 

I Instead iii litmus, oochineal may be used j tho latter is unaffeotod by CX)j, and 
therefore preferable. 
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Another method, the principle of wliioh was proposed by Thriah, 
and which has been improved upon by W. C. Young, is to add to s 
known measure of vinegar an excess of BaClj; the chlorine in a portion 
of the liquid is now dctorniitiod with great care, the rest is evaporated, 
ignited, and the chlorine of the ash determined. The difference represents 
the free mineral acid in terms of chlorine. The presence of free tartaric 
or citric acids quite invalidates the accuracy of the process, but, with these 
cxeoptions, it is generally applicable. 

(.3.) Colouring Mattor. —Vinegar is often coloured with caramel; 
sometimes simply acetic acid thus coloured is sold as ‘vinegar.’ The 
vinegar should be well shaken up with a little Fuller’s earth and filtered : 
if caramel is present the filtrate will be very much paler than the original 
liipiid. The estimation and detection of caramel has been worked out by 
C. Amthor' as follows :—10 c.c. of the li(pnd arc put into a flask with 30 
to 60 C.C. of paraldehyde, and absolute alcohol added until the licpiids have 
mixed thoroughly. The flask is corked and allowed to remain undisturbed 
for Iweuty-four hours; by that time the caramel will have proci])itated, 
To still further identify it, the liquid is decanted, the precipitate washed 
with a little alcohol, dissolved in hot water, and reduced by evaporation 
until it measures a cubic centimetre. On now treating the solution with 
phenylhydrasine, an insoluble compound is obtained. This is distinguished 
from the osazones of sugar by its amorphous appearance. 

Estimations of caramel are best made by imitating the colour of Hic 
paraldehyde precipitate; for this purpose the precipitate is dissolved in 
water, made up to 100, and a solution of known caramel contenj; used as 
a comparison liquid. Possibly the phenylhydrazine compound could Ik; 
weighed, but the limits of accuracy in this direction have not yet been 
defined, and the formula of caramel is not accurately known. A. Sabanecl 
and J. Antushevitch “ bcliev’c, from cryoscopic researches, that its formula 
is Ci 2 r,Hij,,Og„. 

The colouring of vinegar with coal tar dyes docs not seem to be 
practised at the present time, but it is probable tliat these dyes will bo pul 
to this purpose, and in special cases they should be sought for by the 
ordinary methods. 

(4) Metallic Ada/feroffiwis.—Metals of the first group in vinegar arc 
detected by saturating the liquid with hydric sulphide (if the sample h 
not deeply coloured) or by specially testing the ash for copper, zinc, tin, 
and leai by the usual metlicxis. Arsenic may be tested for by Reinsch’s, oi 
Marsh’s tost (see pp. 436-441). 

Zinc may be presumed to be absent if the nearly neutralised vinegai 
gives no precipitate with hydric sulphide. 

From the foregoing it will be seen that it is possible to distinguisl 
lietween the different vinegars by a consideration of the analytical figurei 
obtained from them. The watering of a genuine vinegar will be iudicateci 
by the low solids and low acetic acid. Diluted acetic acid coloured wit! 
caramel or with strongly scorched malt, or diluted pyroligneous acid, will 
lie found to have low solids and ash, and only a trace of phosphates, while 
the acetic acid is usually high. Pyroligneous acid may sometimes coutaii; 
tarry products. It may be recognised, according to the French chemists, 
by the larger amount of furfurol than is the case with the other vinegars 
A vinegar made from glucose, or from rice converted into glucose by 

^ Zfiit. f. anal, ChtmUt xxiv., 30-S8. 

J. Rim. ttou kVoc., XX?., 23-81. 



f3S5\] VINEGAR. ‘4?^ 

invortiiig with sulpliurio acid, may show truces of its origin in oxcessive 
snlphates. Dextrin may oflen Ix! precipitated and identified. 

§ 33D. IiUerpretation of the. JteatdU of Vinegar Analym .—^The chemists 
of the Municipjil Lalxnatory, Paris, interpret the results of their analyses 
of wine-vinegar aeeunliug to the following priucijdoa. The norin.al weight 
of extract and alcohol in wine is in the proportion of 4 : 1; a tenth per 
cent, of the extract is lost during acetification ; on the other hand, 130 
gnns., theoretically, of acetic acid is produced from 100 grras. of alcohol; 
in practice this must be diminished 15 per cent. The following table 
gives a calculation on the above basis:— 


Al-'oliolic Strength, 
for rent. (vol.). 

Acetic Acid. 

Per cent 

Extract of VUiegar. 
Per cent. 

i 6 

5-316 

I'OS 

7 

(>•211 

1*26 

8 

7-106 

1‘44 

0 

8-00 

1-62 

10 

8-895 

1-80 

11 

9-801 

1-98 

12 

10-71 

2-16 


The relation existing between the acetic acid and the extract is equal 
to 4'0 ; if a vinegar has a relation higher than this, allowing at the most 
a tenth (that is, really 5'0), an addition of alcohol is itidicated, whether 
an actual addition or whether from the use of a fortified wine. The table 
also i.Klicatcs tlio maximum and minimum quantities of acid which can be 
furnished by wines of from G to 12 per cent, of alcohol; and should the 
proportion of acetic acid fall below 6'3 per cent., watering may lie con¬ 
cluded, especially if the potassic tartrate, ash, and extract are diminished 
in the same proportions. The French standard for vinegar is, therefore, 
near the standard of our old pharmacopoeia (5*41 per cent.). Vinegar is 
now omitted from the British Pharmacopoeia. 

It has been proposed by Hehner to calculate the various constituents 
on the original solids of the vinegar. As 60 parts of acetic acid are 
theoretically produced from 90 of glucose, the acetic acid is multiplied by 
1’5, as representing theoretically tiic sugar from which the acetic acid 
twas derived. To this figure is added the total extractive matter still 
fcontained in the wort-vinegar, and the number thus obtained represents 
'the ‘original solids’ of the wort. Examples of this calculation are shown 
in Table LIV. This number obtained, the vh, acetic acid, and albuminoids 
may be calculated out in terms of the oi iginal solids, which is doubtless 
a better guide to composirion than the usual way of stating them. For 
ViCmple, celculating a malt-, a ‘spirit-,’ and a ‘ sugar’-vinegar in per cent, 
of the to., ^ rosulte are as follows:— 



"at Malt- 
Vlnesar. 

Splrit- 

Vlncgor. 

.Sugar- 

Vliipsar. 

Acetic acid, . 

49-8 

63-2 

600 

Albuminoids, . 

6-9 ■ 

0-8 

1-16 

Phosphoric acid, . 

. 0-8 

0-0 

0-18 

Ash, , 

S-8 

0-4 

3-36 
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IjKMOX JtriOB AND I.IME .luiCK. 


§ .“iSli. Lemon juice is the expresHcd juice of the Oiii-w limonum, and 
lime juice that of the Vitrns arida and CHru* Kmeftn, The Board of 
Trade standiird for lemon juice is a density of 1‘030 [when dealcoholised], 
and an acidity c<)uivalent to 30 grains per ounce of citric acid. The 
British Pliarniaco])ceia directs that lemon juice should have a specific 
gravity of 1'039, and should contain 32'5 grains of citric acid per ounce. 

Lemon, lime, and bergamot juice are all similar in their composition, 
containing citric acid as the juedomiiiant free acid, and small quantities 
of acetic, formic, and other organic acids, together with alhmneii, sugar, 
mucilage, and extractive matters. The mineral matter is very small, and 
contains 1)4 per cent, of its weight of potash and 15 ])cr cent, of phosphoric 
acid. 

The juice is expressed in Itngland, and also in Sicily, where the method 
of pre])aration is to mix one ounce of brandy with ten ounces of the juice, 
and over the surface of the liquid to pour a layer of olive oil. 'Phis crude 
process of preservation is eifectual, but is now being supplanted by more 
modern methods. 

The following table shows the 8|)ecific gravity, free acid, and combined 
organic acid of the citric commercial juices, the acid being expressed in 
terms of crystallised citric acid [Allcn\•• 



Specific Gravity. 

Free .^cid. 

Ozs. ]>cr gallon. 

OjtnWned 
Organic Add. 

Ozs. per gttilou. 


__ 



Lemon Juice — 



Raw Sicilian, . 


6 to 9 

O-S.") 

„ English,. 
Conccntmiotl,. 

1-04 to 1-05 

11 to 13 

0-3 

1-20 to 1-25 

67 to 72 

6 to 8 

liurgaiDot Jui(5e— 




Concontrated,. 

l'5i2 tol’25 

47 to 66 

7 to 8 

! Lime Juice— 




Raw, .... 

1-036 to 1'040 

10-6 to 13-6 

0-4 to 0’7 

Concentrated,. 

1-28 tol'38 

82 to 112 

8*6 


A. Borntriiger gives the following as the percentage composition of 
lemon juice;— 

Ripe Emit. Unripe Fruit. 

Citric acid, .... 7'25 7‘70 


Bcducing sugar. 
Snevose, . 

Ash, 

Total solids. 


•76 

•m 

■39 

8-87 


"31 

■78 

•49 

9-30 


g 337. Ailidteraiiom and Annlijm of Uitric Jukef .—Lime juice has been 
rather extensively adulterated, and at the presont time it is by no means 
uncoinmon to meet with a wholly fictitious article trader this name. 

The chief adulterants of citric juices are:—^Tartaric acid, mineral acids, 
glucose, cane and invert sugar, coal tar dyes, and preservatives. Tartaiv 
acid may be estimated as follows 1 ;—30 grammes of the juice are mixed 
with 5 grammes of KCl, the solution neutralised with potassium hydroxide, 
> fkkel Wethais of food Analym, 1901, p. 323. LeiTmann and Beam. 
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iiiifl made up to 60 c.c. witli water. 5 grammes of citric acid are added, 
tlie solution well stirred, and allowed to stand all night. The precipitated 
acid potassium tartrate is washed, first, with a saturated solution of the 
same substance, then twice with a 10 j)or cent, solution of jartassium 
chloride, and titrated hot W'ith statidard alk.ali. 

AJimra! Ad-is. —The, general principles of the detection of these acids 
in a free state are entirely the same as in vinegar, and the remarks with 
regard to the alkalinity of vinegar-a.sh when genuine apply equally to the 
asli from the citric juices. (See p. ITfi.) (Imid juice contains insignificant 
traces of sulphates and chlorides, so that tlie mere addition of silver nitrate 
or of barium chloride will at once show whether there has been any 
tampering with the li(|nid. 

Nitric acid may be detected and estimated as described post in tlie 
sections on Water Analysis. 

i. Seribaui' adds to the suspected lemon juice an ai|uenu8 solution of 
ferrous chloride, strongly acidified with hydrochloric acid and free from > 
ferric salt. The liquid is boiled for a few minutes, and then a little 
sulphocyanide is .added. If nitric acid has been present, it will have 
oxidised the feiTous salt into a ferric salt, and a deep blood red colour will 
be produced by the test. 

(Jlwose and mic/am generally will be detected and estimated by the 
methods already described, remembering that the juices naturally contain a 
smay quantity of sucrose and reducing sugar. 

(be, tar dyes awl pnsernatives should be sought for by the ordinary 
methods. ^ 

Poismtous Metals. —The analyst should never neglect to look for these, 
paying sjKjcial attention to the examination tor lead. 

§ .".'Id. Tlie Analysis of Lime Jaiee, with a view to ascertain its strength, 
is conbned to the determination of the amount of citric acid an& citrates. 

The amount of citric acid is determined frequently for technical 
purjioses by the aid of a special hydrometer, called ‘a citrometer,’ but 
this method is not exact enough for the purposes of the food-analyst. 
Nevertheless, it will always be well to take the specific gravity of the juice 
by a specific gravity bottle, or by any other reliable method, first boiling 
of! any alcohol which the juice may contain, and making it up to the same 
bulk as before the dealcoholisatiou. 

The amount of free acid may be estimated by means of decinonnal 
Boda. A known quantity of the juice is taken and titrated with d. n. soda, 

I ishig pheno’-phthalein as an indicator. About 10 c.c. of the ordinary raw 
ce may be taken and diluted to 50 c.c.; but the concentrated juice must 
much diluted before titration. 

The free acid known, the next step is to determine the amount of 
rates and other organic acids combined with bases. For this purpose, 
the measured quantity of the juice which has already been neutralised by 
soda lu ‘''’a,x)rated down, charred, and the cliar.ed mass treated with a 
known vol.. of decinormal sulphuric acid, which must be sufficient to 
more than neuti..., ^ 'he carbonates. 

The acid solution is filtered and neutralised by d. n. soda; this will 
give the necessary data from which to ladculate tho amount of sulphuric 
acid used by the carljonatcs produced by the action of heat on the organic 
acids. This amount is equivalent to the total amount of organic acid; if 


’ Oan. CAim. Ilal., viii., 291, 
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expressed as citric acid, forty-nine parts of siilphiuic arc equal to acventy 
of 2 H 8 C„H 50 ,H 20 . 

The amount of free acid already obtained is now subtracted from the 
total acid, the difl'ercnco being that which is combined with bases. 

To ascertain the amount of real citric acid present in the juice, it must 
be determined as r'trate of lime, for ii. need hardly bo said that the process 
given above does not distinguish between uialatcs, meconates, or any other 
organic acids converted by heat into carbonates. To determine the real 
citrie acid, Waringtou* recommends the following process: from 15 to 20 
c.o. of raw lime juice are exactly neutralised by (1. u. soda, the whole made 
up to about 50 c.c., and heated to boiling. 

While boiling, so much of a solution of chloride of calcium is added as 
is known to bo rather more than equivalent to the total amount of organic 
acids present. The boiling must be continued for half an hour, and the 
precipitate collected and washed with hot water. The filtrate and washings 
• ture evaporated to a small bulk (not more than 15 c.c.), and a little ammonia 
added to exact neutralisation, if the liquid gives on acid reaction; a further 
irrocipitation takes place, and this second precipitate must be collected on 
a filtor. The filters are dried and burnt up at a low heat, and their 
iicntralisiug power with regard to acid is determined. For this purpose, 
the ash may be dissolved in standard hydrochloric acid, and titrated back ; 
(xicli c.c. of normal HCl neutralised is e(juivalent to '070 grm. of crystallised 
citric acid. If either oxalic or tartaric acids should be present, the remits 
are, of course, inaccurate. 


Journ, Cluiiii, Hoe., 1876, 9!i4. 
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MUSTARD. 



S 339. Munlard ia ninde from tlio aceda, finely ground, of the Simpi» 
nigra, or black muatard, or from thoao of the Sinafiis alha, or white mustanl, 
or, again, from a mixture of both varieties. The miimifactiirer reduces the 
seeds to jiowder, and passes the product through a series of sieves. Tlie 
port ion iu the first sieve is ojillcd the dremngs’, that which ii.'isses through 
is an impure imiMardfour. The impure flour, on being irassed through a 
second sieve, yields the pure iloiir of mustard 
an(ia second ejuantity of dressings. The dress¬ 
ings me utilised, by being submitted to pressure, 
for the sake of tlie fixed oil they contain. 

Mirrosfopieal Sirudure oj tlui Smil .—The 
white iiu.stard seed is made up of the husk and 
the seed proper. The eeeil proper is simple in 
striicnire, consisting entirely of minuteoil-b»riug 
cells ; their size averages ‘00041 inch in the finely 
powdered seed; and they look extremely like 
starch corpuscles, but neither polarise light nor 
strike a blue colour with iodine. 

The complic.ated structure of the husk of the 
mustard seed, in part unravelled by Hassall, has 

S uore recently been fully investigated by the 
^bours of flomplowskis and v. Hbhuels.* It is 
Inilt up of no less than six layers (see fig. 67). 

(1.) The most superficial is composed of almost 
quadratic thin-walled cells (‘05-1 micro-milli¬ 
metre in diameter) covered with a thin cidicle. 

^he lumen is narrow, and the cells are almost 
|ntirely filled with a gelatinous substance. On 
^jwilddition of water the cells swell up to several 
'’'“^;’tteir original volume, and the gelatinous 
Ijjjie escapes from some of the ruptured 
jHf liwked at from the«urface these cells are hexagonal (see fig. 68), 
tne central lumen or cavity is seen surrounded by ring-like layers of 
mucilage. 

^2.) The second layer is formed of large, roundish, polygonal cells 
with thickened walls; their form is not so well seen on section as on the 
surface. The cells present differences in different sjascies of mustard, the 
* Moeller’s MkroskB/ne, p, 281. 


Klo. 67. —.Section tbrongh 
the costs of the seed of 
Hijtapia alba. — sk, TJic 
outer skin, filled with 
swollen mucus; p, tlio 
polygousl cells in section, 
thi ir form better seen in 
fig. 68; w, the layer of 
wine-glass shaiied cells: t,a 
tbin-walled pareucbyuia; 
g, a layer of glntcn-Iikt- 
cells; t, the inner secfl coat¬ 
ing. Potash preparatioii 
X 160 (after MoEUSa) 
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white mustard has cells with two distinct layers, and with intercellular 
spaces; the tdack mustard htis larger colls, with only a single homogeneous 
cell-wall, wliile the Knseian mnatord 1ms likewise cells single-walled, but 
irregularly polyhedral in ontlino. 

(3.) The third layer can only be seen properly in section; it consists of 
cells which have been likened hi wine-glasses, though their outline rather 
suggests to the authors the soles of narrow-heeled shoes (see fig. 67). A 
striking peodiarity of these cells is that they vary in length or height; 
the surface of the seed is mapped out into small pits; in the middle of 
each of these small pits the cells are lowest, at the borders highest. The 
cells are colourless in kS'i.tftpts alha, but red-brown in Sinajm ni'ira. 

(4.) The fourth layer is a thin-walled parenchyma filled with pigment in 
black and Russian mustard, but cidourlcss in white mustard. 

(5.) The fifth layer belongs morphologically rather to the substance of 
the seed than the husk. It is a thick-wallcd, single layer of polyhedral 
cells, containing a granulated siibstanoo. 

(6.) The sixth layer is oomposod of an irregular parenchyma of trans- 



fio. 63.—A suimrlicial view of element delineated in section in flg. 67; the same 
leiUoing has been followed—c, enibryonai tissue. Potash preparation s 160 (after 
MoxoLKa). 

parent, colovirloss cells (sec fig. 68), well seen from the surface, but 
indistinct on section (see fig. 67). 

As a rule, none of tlic husk is found in commercial ground mustard, the 
main bulk being made up of the substance of the seed. 

§ 340. The accompanying tables (LV., LVI.) give some careful analyses , 
by 0. H. Piesse and Lionel Stansell' of black and white mustard:— 

§ 341. The Cheniielry of Mwtard is extremely interesting; botii seeds, 
white and black, contain a fixed oil (from about 36 per cent.), and a 
sulphocyaiiate of »napin and myrosin. Black mustard seeds contain, in 
addition to the foregoing, myronate of potash (about ‘6 to ;6 per cent.). 
When the powdered black mustard seeds (or the mixed black and white) ^ 
are moistened with water, the myronate of potash acts ujx>n the myrosin, 
and produces f/te vdatiie oU of rmudard. White mustard seeds, on the 
otiier band, contain also a sulphur principle, emaMnn, not fouud in 
black. 

Sinairin, CjJLjNOj.—Sinnpin exists as a sulphooyanate, l»th in black 
and white mustard seeds, as well as in the seeds of Turritie glabra, L. It 
t Awtiyd, 1880, p. 181, 



wiiH firet propiirod by Henry iiud Oarot in 1825. Ther best process for 
extriictioii of the siilphocyanato on a smail scale is (according to Voft Babd) 
to exhaust the oil fi'om the seeds by ether, then to treat with cold 
absolute alcohol, which only takes up a little of the sulphur oom])ound, and 
lastly, to dissolve the sulphooyanato of sinapin out with 90 per cent, alcohcil. 
The excess of alcohol is then separated by distillation, and the substance 
crystallises out, yielding about I’l per cent. 

Sinapin itself cannot bo obtained pure, but a watery solution may 
nsadily l)o prepared by decomposing a solution of the bisulphate with the 
























proper quantity of 1«iryta. After filtering away the sulphate of baryta, 
tliu tiltmte IK of a yollow colour :iu(l intensely alkaline reaction; it 
preeipitotes many metals from their solution, but on evaporation its colour 
cliaiiges tbroiigli green ami red into brown, and at hist it leaves behind ^ 
imcrystallisahlc brown residue. On boiling a solution of siiiapm with tlie 
alkalies or alkaline earths, the sinapin sjilits up into clioline orsinkalin and 
sinapie acid. 


Cj,;H,,,SO,. + •2n.,() = C.HijNOa + 


OnHijOj, 


and similar treatment of the siilpliocyanatc of smapiii produces the same 
doconiTKisition. To sulphocyaiiate of siiiapin is ascribed the formula 
C H™NO,iCNHS It forms colourless, transparent, trimeated prisms, m 
warty or starlike groups, witliout odour, imt of a hitter taste, of neutral 
reaction, melting at 130“ C. to' a yellow-fluid solidifying again m an 
amorphous mass The sulphocyaiiate is readily soluble in water, but 
ether, timioi.tine, and bisiiliiliidc of carlion do not dissolve it. If to a hot 
solution in alcohol concentrated sulphuric acid bo added, bisiilpliatc of 
sinapin, C,„H.,,NO„SH A + 2011.^, separates on cooling in rcctaugiilar plaies. 
From this salt the neutral sulphate may be obtained by solution iii water, 
and preciiiitating half the sulphuric acid by baryta. 

Umalhin, C.«H„XA0ui. “ substance which exists ouly in white 
mustard, and may ho supposed to take the place of myrfiiiate of potasli. 

It splits lip into sugar, hisiilphato of sinapin, and siiliihocyanide of aermyl, 
t' ll.NSO. The last, on trealmont with alkalies, yields ammonia and tlio 
salt ‘of an acid melting at 136“ C., to which the formula C„H80.s ■« 

Myrosin, a substance analogous to omulsin, has not yet been obtained 
alhiimou- or lime-free; its solution froths on being shaken; it is coagulated 
bv warming to 60“ tl., as well qs by acids and alcohol. 

Myromfte of Poiash, C,„Hi8KNS/),„, crystallises out of spirit, m 
needles; out of water, in rliombic prisms. It is destitute of water o1 
crystallisation, is of neutral reaction, and has no odour, but is of a bittei 
4aite. It is easily soliihlo iii water, with difficulty in diluted spint, am: 
scarcely at all in absolute alcohol, whilst it is quite insoluble in other, 
chloroform, and benzole. If the concentrated aqueous solution of the salt 
ho digested with tartaric acid and absolute alcohol, the tartrate of potoh 
separated, and the filtered fluid evaporated with cariwiate -oi baryta, the 
fitoate from the latter will yield easily soluble crystals of myronate ot 
baryta (C,„II,«lIaNSjOJ, which soon become opaque on exposure to the 
air ■ if lieated, it develops ethereal oil of mustard, leaving behind sulphate 
of laryta. A solution of myronate of potash gives with zinc and hydro¬ 
chloric acid sulphuretted hydrogen, and then contains a ralt of ammom^ i 
sugar, and half of the sulphur as sulphuric acid. ItoiUng hydiwhlonc 
acid decomposes similarly. Concentrated potash-lye digested on the dry 
salt, and heated, develops volatile oil of mustard, cyanide of w'yl. and 
ammonia. If to a watery .solution of myronate of potash, myrosm is added, 
volatile oil ot mustard, sugar, and bisulphate ot potash are formed; thus, 
C,„H,8K.NS.,0,<, = CA6NS + CbHijOs -t SHKO^, 
the same reaction takes place it the freshly-prepared watery extract of the ' 
white or black mustard seeds bo added.* , 

1 In the analyaie of mustard. A. K. Leeda end K. Everhert {5«d. CeiKr., 1884 MO) 
have jiioi«»ed to dissolve out potassium myronate by treatment with squeous alcohol, 
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§ 342. 'J'lw Fat'd Oil of hath Black wul While. Mustard npjyears to he 
pleidical.- -It ia a yellow, non-dryiiig oil of O'Ol.l to 0'920 specific gmvity 
at 15" C., solidifying at from -12° C. to - I'D" (J., aapoiiiticatioii value 
170 to 176, iodine value 92 to 106, and of a mild taste. It contains the 
glycerides of emcic acid, of stearic acid, aud of oleic acid, which hist llarhy 
coDsidei-s different from ordinary oleic acid. 

Friicic Acid, was discovered hy Darhy iu the fatty oil of the 

seeds of the white and hlack mustard iu 1849. and the same acid has also 
liceu found in rape oil.' It is easily obtained by saponifying the oil with 
litharge, treating the soap with ether, which dissolves out the erucate of 
lead, and decomjiosiug the salt with hydrochloric acid. The erucic acid in 
solution ia filtered from the chloride of load, the lilti'ate evaporated in the 
water-bath, aud the residue recrystallised from ether. Krucic acid fonns 
slender, long, white, glittering needles, without odour oi- taste, melting at 
from 33" to 34" C., aud coagulating again at 33" C.; it is iusolubli' in 
water, but dissolves easily in alcohol and ether. The acid, exposed to the 
air, gi-adually becomes coloured and rancid. If to water saturated with 
erucic acid bromine be added gradually, a crystalline compound can be 
obtained, CjjHjjBrjOj, which crystallises out of alcohol in small, white, 
warty masses, melting at 42" to 43“ C. Again, if the solution be decom¬ 
posed with hydrochloric acid and sodium amalgam, it can again be changed 
baejf to erucic acid. Erucic acid forms definite salts, of the formula 

ua,,Ti„o.,. 

The Vjilatile (HI of Mushird, C 4 H 5 NS, ia mixed with cyanide of allyl, 
which may be separated by fractional distillation.’ Ordinary distillation 
of black mustard seeds yields it in the iiroportion of O'O to 0'7 per cent. 
It ia colourless or slightly yellow; has a boiling point of,148" C., and 
specific gravity 1 "OIS to 1 025; is somewhat soluble iu water, dissolving 
easily iu alcohol, ether, and petroleum etlior. According to Huger (IViarm. 
L'Ciitinlk, X., 65), the commercial oil is much adulterated; he enumerates 
as fraudulent additions, alcohol, bisulphide of carbon, oil of gilliflowers, 
and castor-oil. The volatile oil of mustard prevents the coagulation of 
sernm-albumcu, as well as alcoholic fermentation. According to Witscherlich, 
this is the most deadly of all the ethereal oils, 4 grms. killing a kitten iu 
two hours, 15 grms. iu a quarter 01 m hour. The |)ost mortem appear¬ 
ances were those of acute gsstroentorilis, and the .smell of the oil pervaded 
the blood, urine, aud lungs. It has been used in medicine, chiefly 
externally, for its powerful rubefacient properties, blistering the skiti when 
applied to it. 

§ 343. Adtdterations .—^Tlie adulteration most commonly met with is a 
dilution of ground mustard with wheat flour, and coloured by either 
turmeric or Martin’s yellow dinitro-naphthol. Other substances usually 
snumerated as having been fraudulently mixed with mustard arc—cayenne 


liter the oil has been removed by dry ether. The solntion is evaporated, dried at 106", 
pi'ighed, ai'd ignited, and the myronute is calculated from the potassium sulphate of the 
kii. Myrosin and cellulose are not dissolved by dilute alcohol; these are then treated 
with a half iier cent, soda solution ; the undissolved cellulose is weighed sad ignited, 
uilst the solution of myrosin is neutralised and precipitated by Ritthauseu’s solution 
Kcopiier sulphate. 

P ’ V. Dircks {Landw, Firtuehi-Stal.) estimates the volatile oil as follows:—^The 
powdered substance is mixed wi^ ten times its weight of water, and allowed to stand 
for nine hours at 60’ 0.; it is then distilled into alkaline permanganate, and thus &e 
sulphur is oxidised into sulphate. This sulphate is preciiiitated in the usual way by 
baric cUoride, 
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Ijejiper, ginger, gamboge, fwtato starch, pea flour, radish and rape seed, 
linseed meiil, yellow Jochre, chrom.ate of imtash, plaster of Paris, and clay, 
besides the ground seeds of the Simpis armnm. 

A careful microscopical examination by both ordinary and polarised 
liglit will detect most organic adulterations. If on the addition of iodine 
to an infusion of the mustard in hot water, no blue colour is produced, it 
is certain that neither wheat nor any other starch is present. 

The chemical examination of mustord, for the purposes of the food- 
analyst, mainly resolves itself into— 

1. Testing for turmeric, naphthalene yellow, and other coal tar dyes. 

2. Kstinialion of the total sulphur. 

3. Estimation of the fat or oil. 

4. Estimation of the ash. 

5. Testing for gamboge. 

1. Texting for Turmerir and Naphthedene Ycliw. —The detection of 
turmeric by its microscopical appearance is usually satisfactory; there are, 
however, some good chemical tests. 

A. Extract the mustard with two or throe times its volume of methylic 
alcohol, filter, and evaporate to dryness. If turmeric Iw present, the 
addition of hydrochloric acid to the extmet will produce a red-orange 
colour, turned by excess of an alkali to green and blue; or the exipuct 
may be dissolved in the least possible quantity of methyl alcohol, and 
evajxirated to dryness in a porcelain capsule, in which there, has been 
placed a small piece of fdter-imper. Wheu the evaporation is complete, 
the paper is moistened with a strong solution of boric acid, and then dried ; 
if turmeric be present the paper will take a reddish colour; if it be then 
treated by an alkali, there is a play of colours, among which green and 
purple predominate. 

B. Advantage may be taken of the fact that the colouring-matter of 
turmeric is strongly fluorescent; that of mustard, on the other hand, is 

, devoid of fluorescence. The simplest method to detect the fluorescence of 
• v the yellow oolouring-matter of turmeric, when mixed with mustard,.is to 
pass a little castor-oil through the suspected sample on a filter; the oil, if 
turmeric be present, shows a very distinct green colour; this is a test of 
considerable delicacy. Or an alcoholic solution may be placed in' a test- 
tube, Jind held vertically in water contained in a glass blackened internally j 
if the observer now slightly incline the top from the window, and look 
from above mtiide thd test-tube, the green fluorescence, if present, will be 
readily observed. 

Naphthalene TeMm or DinUro-Naphihol, CiqH,(NOj),,jO, has been 
detected in mustard by E. Waller and £. W. Martin (AncUysl, 1884). The 
colouring-matter is readily extracted by alcohol of 96 per cent., and dyes 
wool a bright yellow—its tinctorial power is very great. 

2. Edimation of the Total Sulphur, —Most of the adulterants of 
mustards contain no sulphur, or at least no very appreciable amount, in 
the unoxidised state. Mustard, on the other hand, in common with a 
large number of cruciferous plants, contains sulphur-organic compounds; 
hence a great deficiency or excess of sulphur is indicative of adulteration, 
a normal amount no conclusive sign of purity. The percentage of sulphur 
should be between 1 and 1'6. 

The total sulphur in mustard may be estimated by oxidation with 
fuming nitric acid, or, more conveniently, by alkaline permanganate. A 
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weighed quaiitity of mustard is lx>iled with excess of alkaline permanganate 
and the resulting sulphate precipitated by barium chloride. The volatile 
sulphur compounds may be distilled by a current of steam into strong 
alkaline permanganate, and a similar determiuation of sulphates he made 
A. Schicht' recommends to add alcohol to the permanganate after cooling 
and then a solution of iodine in potassium iodide until a feeble yellow 
colour remains. V. Uonin prefers to distil and oxidise the distillate bj 
bromine water. 

3. Enfimiiiimi of the Fat or M .—This is particularly useful when wheat 
starch is the adulterating agent. Wheat flour does not conUtin more than 
T2 to 2T per cent, of oil; mustard, on tlie other hand, from 33'9 to 30'7 
per cent. A weighed portion of the previously dried sample may lie placed 
in the little apparatus figured at p. 50. As a rough guide the following 
fonuuhn may he used : — 

r, = jicr cent, at mustard in the mixture, ;/ =. per cent, of oil found. 

32-7.r + 120 = 100// 
or 

34-7.r. + 200 = lOOy 

and the mean values of the two equations may be taken. 

4. Estimation of the Aeh .—The ash is feiken in the way already 
described (see p. 93). The total ash of dried mustard averages 5 per 
ceftt. The highest number the writers have obtained is 5'3 per cent., the 
lowest 5-088 per cent. Of this ash from ‘2 to 1-25 is soluble in water. 
It hcnc» follows, that if found above 5’5 per cent., mineral matters of 
foreign origin are present; if below 4 per cent., it is an indication of some 
orgi'iic adultemut. The American Association of Oflicial Agricultural 
(diemists take 4 to 7 jier cent, as the limits for the ash of }yound mustard 
seeds. 

5. Gamhoge .—Gamboge as an adulterant of mustard is somewhat 
apocryphal; if suspected of being present, an alcoholic extract of the 
mnstaid must be preparod; such an extract when treated with caustic 
soda becomes of a bright red colour, hydrochloric acid produces a yellow 
colour. 


Tiji-pkr. 

§ 344. Black popper is the dried immitture fruit of Piper nigrum, one 
of the Piperacees, or popperworts. 

Wliite jrepper is the same berry decorticated, or deprived of its outer 
and black husk or covering. 

The pepperworts are a woll-defintri natural order, confined to the 
hottest parts of the world, and delighting in low places, valleys, and the 
banks of rivers. Although neither the number of its genera nor of its 
species is great, yet the whole order is remarkable for a variety of active 
and useful plants—6.p., the aromatic black and long poppers, the'astringent 
matico, the intoxicating Macropiper methyiticum, the different varieties of 
cubebs, useful in the treatment of inflamed mucous membranes, and several 
mtber plants possessing medicinal properties,® belong to the Jiatural order 
|pf Pipetaceat. 

’ Zeit. anal. Chm., xxx,, ^ 61 - 665 .. 

’ 11/e Artanthe euaHypt^olin is used in .Brasil in cases of colic -, Piptr parthtnium, 
used in menstrual disturbanoee; CAarica belle md Sirihm cause salivation, and decrease 
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Black pepper itself ib a climbing plant, attaining the height of from 8 
to 12 feet; the berries or, botanieally speaking, ‘drupes’—are at first 
green, then red, and if left still longer uugathcred, turn to black; but 
before this latter change takes place the berries are gathered by hand and 
dried in the sun, the result being an entire change of appearance; instead 
of a rod, smooth berry, a black or reddish-black peppercorn, with the 
cortex contracted and shrivelled in such a nianner as to form a veined 
network, is obtained. The plant is cultivated in various portions of the 
c(iuatorial regions of the earth, the zone of cultivation being contined to 
the isotherms of 82° F. It would not, however, be strictly correct to say 
tliat this high mean annual temiierature is essential, or even necessary; 
for the fact is, tliat it is prodpeed principally in the cooler valleys, where 
the mean annual temperature does not, perhaps, exceed 70° Fahr. 

The black jicpper imported into this country principally comes from 
the islands of Malacca, Java, Borneo, and Sumatra. The commercial 
varieties are at least live—viz., Malabar, Penang, Sumatra, Traug, and 
Tellicherry, names indicating the localities whence they are derived. The 
differences which these difl'erent varieties of pepper present to the eye are 
evident enough when the several samples arc at hand for (xjmparison; but 
it takes a very practised observer to identify a solitary sample; and if 
samples of each of the kinds named were mixed together, it is doubtful 
whether an adept even could separate the berries again, identifying each 
sort with any correctness. The merchant, indeed, relies more upon the 
weight than the appearance; he takes a handful of peppercorns, and by 
long practice can tell in a moment whether it is a light or a heavy sample. 
Cbevallier has determined the weight of what is technically called heavy, 
half-heavy, and light pepper. A litre of the first weighed 630 gnus.; of 
the second, 612 gnus.; of the third, 470 grins. That thei-o is considerable 
difference in weight in the difl'erent berries is certain, for one of the writers 
carefully weighed 100 berries of each kind, with the following result;— 


100 jiepporcorns of IVnang weighed 
100 „ Malabar „ 


100 

100 

100 


Sumatra „ 
Trang „ 
Telliohori'y,, 


Graiumea. 

Ii-2m 

6-0686 

6-H76 

4'6786 

4-5076 


If, then, quality is to be judged of by weight, Penang and Malabar may be 
bracketed togetlicr as standing first, Sumatra holding the second place, 
and Traug and 'rellicherry bracketed together in the third. The general 
opinion of the trade is, that Malabar is really the heaviest, and possibly 
the samples of Penang examined were, unusually fine. The whole of the 
ground peppers of commerce are mixtures of difl'erent kinds of pepper; 
there is no such thing to bo found in the shops as a pure ground Malabar 
or a pure ground Penang. The principal varieties mixed for household 
purposes and retailed are Malabar, Penang, and Sumatra; the first of 
these is the dearest. 

The usual mixture, according to Chevallicr, is— 


88 per cent, of Malabar to give weight, 

38 „ Penang ,, strength, and 

83 „ Sumato ,, colour. 


the fttUction of the skin. Besides these, Acroearpidium kitpidulum, Cocetderyen mpenst, 
ArlaTttjK aditnea, CAaviea adunca and others, possess active and useful properties. 
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The pepjKsr thus mixed ie either ground by the aid of largo mill stones, or 
in an apparatus perfectly analogous to a coffee-mill. The latter mode is 
far preferable to the former, as the friction of the stones develops consider¬ 
able heat, and dissipates some of the aromatic principles. rcj)p('r thus 
damaged by the heat of the mechanicid operations is technically known as 
‘burnt.’ 

Mir.roseopii’ol Striieture of Pepper. — 'I'lic black pepper Ijerry is composed 
of the seed enveloped by its peric:irp, both being adherent. The mieros- 
co]>ieal structure will be readily understood on reference to figs. 69 and 70. 
Tlierc is first a rather thick cuticle (•00.6 mm.) containing a single layer of 
small square cells, filled with a brownish sub¬ 
stance ; beneath the epidermis is seen a closely- , -- " 

jiaokcd, yellow layer of radially-arranged cells, 

with thickened walls of about ’06 n)in. in " 

diameter. The cavity of each cell is filled up ^ ' fi 

with a lump of resin; beneath the layer of 

thick cells is the parenchyma of the pericarp, ^ pH 

consisting of two sets of cells. The outer 

layer is composed of soft tangentially-extended 

colls containing numerous starch granules, 

drops of oil and lumps of resin; it is the . 

shrinking of this soft loose layer that is the 

ohtef cause of the wrinkling of the berry; 

among those cells may be often seen laist "‘Tn' 

fibres .-iiid spiral vessels. The inner layer of g 

the parenchyma is large-celled, the colls con- 14 

taming many drops of ethereal oil. A layer | ]( | / 

of one or two rowsof thick-walled, tangentially- ' * " , '^'1 

arranged cells concludes the structures belong- s' cUuii uf black 

ing to the pericarp pro^r ; the rest of the 

tsirry is made up of the testa and albumen », the outer layer of hard 

of tlie seed. The testa consists of an outer cells; p, thin-walled paren- 

brown, and an inner transi-areut, membrane; chyms, niany of the cellB hav- 

the outer brown consists of two layers of cells s'"!!?’li *’ u*”’ 

^ : 1 c -A e •’ layer of hard cciie, showing a 

exuibitmg no very defimte form on cross sec- poculiar one-sided thicken- 

tion; but when the seed is sordred in water ing; a, h, coatings of the seed 

and thio strips tom from the testa, the outer proisw, a being the more ex¬ 
layer is then seen to be composed of regular, brown layer, and i the 

long, five-sided oells. The albumen of the ““iSwi, a* 

seed IS formed of angular radially-arranged, starch cells, tt, and hero and 

arge-celled parenchyma; most of the cells are there lumps of rosin as at r. 
Hied with extremely small starch grauiiies (see 

^ge 144), each of which, when examined by the aid of a high power, 
ihows a central nucleus. Here and there maybe seen cells containing little 
passes of a yellow resin; such yellow masses kept under glycerin for some 
fime develop crystals. 

> White Pepper is the ripe fruit of the same plant; the berries are 
joaked in water, and then most of the dark pericarp is rubbed off. AH 
|ie structures Irelonging to the pericarp are not detached, the skin 
feparating at the vasoidar zone. The microscopic structure of white 
Ifepper is, therefore, the same as that of black, mirm the portions 
■omoved. » • 

Vepper contains two alkaloids, piperin and piperidine; a volatile oil, 


10 . 69.—A flf'ciioii f)f black 
I)ej)j)er x 160.—f’;7,K])idemu8 
covered wth the ctiuclo, c \ 
0 , the otttci' layer of hard 
cells; p, thin-wulled mren- 
c}i 3 rma, Triany of the cells liar* 
ing oUy contents; i, the inner 
layer of hard cells, showing a 
peculiar one-sidud thicken* 
ing; a, coatings of the seed 
proiMir, a being the more ex¬ 
ternal brown layer, and b the 
inner colourless layer; £, the 
endosjjerm, contoiuing the 
starcli cells, and here and 
there lunspa of rosin as at r. 




and an wrid resin, besides gum, starch, vegetable albumen, salts, and 
other substances. , 

Oil of I’ojfper lias a specific gravity of from 0'86 to 0'99, and a boiling 
point of 167" to 170° C. It is a clear fluid, possessing a mild taste, and 
corresponds to the formula C,q1Ii|., Both white and black pepper contain 
a little more than one per cent, of this oil.' 

§ /'iperm—(Cj.HjjNOj)—was discovered by Oerstedt in 1819; 

it is found in white, long, and black pepper, in Ohavira nfficinanm, in 
oubebs, in the berries of titcMniis moUis, and in the bark of Lirioiieiidron 
iulijnfera. The quantity of piperiu in peppers varies from 4 to 8 per 
cent. When pure, pijicrin crystallises in colourless, brilliant, four sided 
prisms ; it is almost tasteless, and presents no alkaline reaction. It melts 
to an oily mass at about 128° C., solidifying in a resinous form ; is soluble 
in petroleum ether, alcohol, ether, the volatile oils, benzole, chloroform, 
and creosote. Concentrated nitric acid changes it into an orange-rod resin ; 



if this be treated with a solution of caustic potash, a blood-red colour is 
produced, and on boiling piperidine is developed. Heating with alcoholic 
potash decomposes piperin into piperidine and piporinate Of potash, 
and the same sulrstance is quickly developed by heating with soda 
lime. 

IHpendine, CjHjjN (Hexa hydro-pyridine), is a liquid boiling at 106° C. 
It is easily soluble in water apd in alcohol. According to W. Johnstone® 
the. amounts in black pepper range from 0'39 to 0'77 pet cent.', mean value 
0'B6 per cent.; white pepper contains smaller quantities, from 0'21 to 0*42 
per cent. 

Piperic Acid—is obtained by boiling piperin with alcoholic 
potash, decomposing the piperate of potash by the addition of HCI, and 

’ Ihimss, Jaum. Chm. Meet., ri., 308. * 

• Chm. Ifem, Iviii., 285. 
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iubsiiqucnt purification of the acid by oryHtallisatiou from alouliol. Tlio 
icid is in the form of yellow hair-like needles, some of which may he 
jublimed undecomposed; they dissolve easily in boiling alcohol, hut ai-o 
scarcely soluble in water. The crystals melt at 217” C. 

Bucheim has given the name of “Chavicin" to a suhstauco which ho 
separated as follows:—Black pepper, after being exhausted of all matters 
soluble either in alcohol or water, was treated with ether. The ethereal 
extract was shaken up with potash ; on then separating and distilling the 
ether, rhavicin is loft behind, of the consistence of thick turpentine, and 
pfsicssing a biting taste; it has not yet l)epn obtiiined pure. 

S 346. T/ii‘ .dsS <■;/■ Pqpiier .—The following is an analysis of the ash of 
Tellichcrry pepper:— 


100 K^UI8. of AbI). 


I'otaHli, 

. 

. 24*380 

Soda, 


3*226 

Magnesia, . 


. 13*000 

Ijimf', 

, 

. 11*600 

Iron, 

, 

. 0*300 


100 itrnis. of Axh. 


I’liosphoricsi'iil, . . .S'470 

Snlpharic ociil, . . f'lilti 

Olilmiiif*, . . 7‘.'*70 

(JsrlKiiiic acid, . . U'Oi.O 

Baud, . , . U'fiSO 


The total ash of pure black pepjjur should not exceed 7‘() iK-r cent.,, 
and of white popper 3 per cent. No pepper'ash shotdil contain more than 2 
per cent, of Si0.j. The phosphoric acid averages 8'5 per cent, of the ash. 
l*cpper also contiiins suudl quantities of carbonate; i.e., from '5 to 1 '.5 per 
cent The ash itself will be found to contain from 30 to 60 pur cent, of 
car bonsftes of the alkaline earths. 

A/frate and Nitrilcc in Pr/iiK-r .—Coiujttiratively few observations of 
the amount of nitrates and nitrites in organic substances are on record: it 
is a subject of some scientific interest, especially since it has been olwervod 
that nitrates and nitrites are decompo^ in the prckencft of free oxalic 
acid Whether the determination of nitric acid will be of service to the 
food-analyst or not is unknown ; it certainly may be so, if it be found that 
a substance rich in nitrates is fraudulently mixed with one jiioor in nitrates. 


Calcuinted as 
Kkrio Acid. 
Grm. 


100 giiuB. undriwl Vciian; Ttepper yield 0’04470 

„ „ Malttlar „ 0*08868 

,, ,, Tfjjiolieny ,, 0*08860 

„ Sumatra 0*06660 

„ Traiig „ 0*11870 


§ 347. General Cennpomlion qf Pe;ij 'T-—A sample of Penang pcjiper 
analysed by one of the authors gave ibe following results:— 


l^r cent. 

Volatile nil, . • • . • . . 1*04 

Acrid r^iu, . , . ..1 *77 

Piperin, 617 

Sulistancefl Boluble in water, gam, starch, and 
other niatten, subtracting ash, . . • 14*74 

8al>stanc«} insoluble in alcmml and water, . « 67*76 

Water, ......... 9*^ 


The following table exhibits some analyses made in 1876 of genuine 
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black peppers, luid may bo compared with similar determinations of white 
and long peppers:— 


TAULK LVII.— Oknkiui. Composithin of Commebiual Pefi'F,bb. 




u 

ad 

b . 

P 

Aeh ill 

Pepper 


E.V 
p u 

l| 

Is 

’S'fld 

dried at 100^ 0. 


&0 

■it 

a 

at 

a-c 
*S .iS 

M'S 

IP 

p's 

Kolnitle In 
water. 

Total. 

}'eiiang, . , 

Tpllichcny, 

Per I'Aiiit. 

Per cent. 

Per cent. 

Per cent. 



9T*3 

5-57 

2*08 

18-30 

2*21 

4-18 

12'90 

V675 

1-70 

16-6 

3-38 

6-77 

Sumatra. 

lOiO 

4-702 

1-74 

17-59 

2*62 

4*81 

Malabar, . 

30°M 

4*682 

1-74 

-20-37 

8*45 

5*19 

Trang, 

11*65 

4*600 

1-70 

18-17 

2 *.53 

4-77 ‘ 

White |»e]i]ior, ijoin- j 
mcruml, \ 

10*30 

5*600 

2-00 


0*56 

112 

Long ])epi)er, . 

... 

1-800 

0*80 

16*82 

4-47 

8-30 


§348. Analysis of Pujipar.—Tho analyses (Table l.Vlll.) of genuine 
peppers and popper adultenants, by A. L. Winton, A. W. Ogbon, and 
W, L. Mitchell, will be found of great value. The ash and hy{,ro8copio 
moisture are estimated in the usual manner. The piperiu and resin 
are the most important to determine. 

W. Johnstone recommends the conversion of piperin into piperidine. 
10 grms. of the pepper arc digested at 100° C. in a closed flask witli 25 c.c. 
of water and 25 o.o. of alcoholic potash. After from four to five hours’ 
digestion, the flask is cooled and the contents distilled and titrated until 
the distillate is no longer alkaline. 

Piperin decomposes into piperidine, CjHuN, and pipcric acid, C, 2 H,|, 04 , 
t^hich unites with potash; hence it follows that every molecule of 
piperidine found is equal to a mokctile of piperiu— i.e., 1 c.c. of d. n. acid 
used by the distillate indicates 0'0285 of piperin. 

An alcoholic extract of pepper practically consists of resin and piperin, 
BO that if the alcoholic extract be determined, and then the piperin by 
Johnstdne’s method, this last value subtracted from the total weight of 
extract, minus any ash, should give approximately the' resin. 

Instead of the above methods an ether extract may be made and 
evaporated to dryness; this, according to A. I.. Winton, should bo not less 
than 6'5 per cent. Piperin may be isolated from.this extract by dissolving 
the resin in sodium hydroxide, then treating the residue with alcohol, 
filtering and evajwrating to dryness. 

It has been proposed by Lenz to take as a basis for calculation of the 
amount of any adulterant the organic mattera of the pepper. This is of 
course obtained by subtracting the hygroscopic moisture and ash from 
the total weight. The pepper-starch is then converted into sugar, and 
the sugar estimated; in this way very constant I’osults.are obtained, as 
shown in Lenz’s experiments^ and Mso in some determinations on the 
same lines by Ueisch.’’ 

• Ztit. mud. C'Aem., xxiii., 501. 


Amlyf, 1886,188. . 















H. lialioiirditi’B * mctliod has for its ptiueiplo the cstimatiou of the 
residue not ciipablo of transforniatiou into sugar and soluble matters by 
lipiling with acid. A grm. of the sample is boiled continuously for an 
hour in 100 grms. of distilled water and 4 grms. of sulphuric acid; the 
boiling is best carried out m a flask iidaptod to a vertical condenser. The 
insoluble matters arc washed, dried, and weighed in a tared filter. 
Rabourdin foiuid that ground genuine black pepper gave, as an average, 
•36 per cent, insoluble residue; olive-stones, '746 per cent. A better 
method is to use the American method of estimating crude fibre:—2 
grammes of the ether extracted sul)stance are boiled for thirty minutes 
under an inverted condenser with 200 c.c. of 1 '26 per cent. Il.^SO^, then 
filtered and washed. The undissolved suhstanoe is thon Imiled for thirty 
minutes with 200 o.c. of 1’26 percent. KOIl, filtered, washed, dried, and 
weighed, burnt to an ash and the ash deducted from the weight found. 
A pure black pepper should not. contain more than 16 per cent, of fibre, 
and a pure white pepper not more than 8 per cent. 

§ 349. Ailultnations of Poiijier .—Popper has been adulterated tor at 
least two centuries and a half; for Pierre Pomet,® writing in 1614, says: 
“ As the greatest part of pepjter, white as well as black, is sold ‘ hatlu ’ 
(that is to say, powdered), it should only ho bought of honest merchants; 
itecause all the pepper the rettvilers sell is no other thing for the white than 
‘ i^tVcs d'Aum-gne llaricliSeii,’ or rather black popper whitened with ground 
rice ; the black is only the dust either of the crust of bread, grey Auvergne 
spices, or manignotte.” ' 

The list of the adultei-ations enumerated by authors is an extraordinary 
one. Linseed-meal, rice, pepper, leaves, mustord, wheat flour, sagu, woody 
fibre, chillies, rape-seed, potato, spices, capsicum, manignette (otherwise 
known as Guinea pepper), chicory, rye, powdered leaves of the laurel, which 
had been previously usS to wrap round extract of liquorice, the stones 
from olives, bone-dust, marine salt, and various mineral adulterations, are 
all said to have been detected. 

However various may bo tho adulterations in Franco (where, Chevallier 
tells us, in Paris alone he was acquainted with a manufactory producing 
1200 to l.hOO kilogrammes annually of a mixture sold solely for the purpose 
of adulterating pepper), the only common adulterations of this country were 
until lately what are known in the trade as P.D., H.P.D., and W.P.D., 
abbreviations for pepper-dust, hot pepper-dust, and white pepper-dust. 
The first, or P.D., used to be principally composed of faded leaves, but 
linsoetl-meal is now preferred; H.P.D. is chiefly the husks of mustard, and 
W.P.P. is ground rice. 

Maixe has lately been used in Kngland to adnlteiate pepper. Other 
starches, nut shells and bleached pepper hulls will all be detected by a 
careful microscopical examination. Pepper hulls will also have the 
effect of raising the ash, decreasing the ether extract and lowering the 
ratio of calcium carbonate to total ash. The amount of fibre is also con¬ 
siderably misod. 

Cayenne [lepiier is said to be added to pepper to restore pungency. 
It may be detected by heating some of the separated red particles, when 
irritating vapours are given off. 

Long pepper may be detected in black or white pepper by the strong 
and characteristic odour when warmed. The ash will b^fonnd to be high 
and the ethereal extract low. 

J Journal <U Fharmuie [6], ii. ‘ISt-Zg?. ’ Pomet: UHist 06n. dea Drogues," 1735, 



Olive-Stones, I’nivyette Pe/ipm-ette .—Towards the end of 1886, ooiisidoi 
able coiisis'iniients of f)(.‘j)per came into Kii;;Ush commorce adulterated wit! 
' poivrette or ground olive-stones. 

The olive-stone has an extremely hanl eudocarp, dillicult to grind, aiii 
by Ixiiling in dilute sulphuric acid or by heating with potash, the [lartiolc 
become of a reddish colour, and may thus bo picked out of mixturet 
Microscopically, ground olive-stones will be found to consist mainly e 
hard proseuehyuiatous cells; the superficial layers are fibrous, aud are ii 
company with numerous vascular bundles; the more numerous cells ar 
short cells of various forms, but all showing frequently pore canals (se 



Fio. 71.—Tissarsof the ulivr-ateiip, x ISO.—/, Thiekciiwl lihm with spiral vvSKclb ; 1 
hard ri-lls fr<*iu the niiddlo layer of the aharo ; i, inner layer of hard colla, restin 
on llie ciidoihcliuni, ru ; «p, spiral vessels; eji, epidermis, tlirough whicli may 1; 
Siieii a hrown mreiiehyma; s, umhiyoiml tissiio; c, soft cells from the olive tira 
orcasionolly adhering Ui tlie olive-stone ; 0, tissue of the cotyhdons. 

fig. 71). These structufeH have hut a »hght similarity to the aiialogou 
structures of the j»epper-bcrry. 

The gjKSjific gravity of j»ep|)pr is about 1 173, that of olive stouos higher. 1 
gl)cerin and 'water be mited to have a density of ri73 at 15^ C., tlie 
either fioate or is suttpended, the olive-Htonen sink. In this way small }>i‘r('(>ntag('K < 
(iivr*fitoneR may be roughly separated. 

Advantage has also b»e!i token of the different effect of coloniing matters on pcpjM 
and oljvo-Ktones. Aniline acetote c»)i»ir8 olive-stones yellow-brown, pure 
rrmuiiis of a greyish-white. IsaplitiiyiaQiino gives a yellow oran^, thalline pui 
orange. The mneh chemists use the hydrochlorate of dimetbylparaphcnyleneflianiiue 
The pe]>j»‘r is put in a poicelain dish, and u solution of the above-named salt jioun 
direct on the powder; a little water is addwi, and the whole stirred ; if olive-stones ai 
present, thty sink to the bottom and are stained a brilliant ivd colour. 

D. Martilli digests fur two or three ] <,rm. of phloroglucol in 50 to 60 c.c. i 
IICI, specific gi’avity I’l; the char stdution »- >kcautra. To about half a gramme i 
the pepi»er, enough of the reagent is addefi h- just cover it, and the iiiixtum is ho.tt<i 
for a utiv minut^ Foivr^te aud, geimrally, similar substances give a reddish-viol 


t This reagent may be made as follows :r-lu a porv.elaiii dish 10 gitns. of dlmeth^ 
aniline are mixed vlth 20 grms. of pure hydrochloric acid; 100 gnus, of cruslicd ii 
arc added, and little by littlq 100 c.c. of a 7 per cent, stdution of sfxiic nitrite. At ll 
end of half an hour, 30 to 40 gnns. more hydrochloric acid are added, and 20 gnus. i 
leaf tin. The redneticn is allowed to cool for an Imur, then the tin is nrecipitotwl I 

f ranulatcd zinc. The liquid is filtered, and saturate witli sodic carbonato until 
(«ome8 cloudy; it is cleared by acetic acid; 10 grms. of sodte bisulphite are added i 
prevent ozidatioD, aud it is diluted to 2 litres. 
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colour. On luMiiif! water and ilcciintiijf', tlic powder loft mainly consists of the 
adulimnl. The aulhors have triwl this |iro(!css, anil it works fairly well. Acconlirig 
to lllllol a 7 |>or cent, alcoholic siilution of iiHlinc iniiurts to popper a brown stain ana r 
to poivretlc a yellow one. 

Sand 18 a common adulterant, wlictlier derived from the sweepings of 
the shops, or tulded as sand, is by ;io moans clear. The sand, of course, 
inlluenecs the weight of the ash, which should never exceed 7 per cent. 

Dr. llassall made some deterndnations of the ash of some fifteen or 
sixteen commereial samples of black popper ; of these only one was under 
5 per cent., the percentages of the other fifteen being distributed as 
follows:— 

One gave between 5 and 6 jicr cent, of ash. 

Throe ,, 6 and 7 ,, ,, 

Three ,, 7 cud 8 „ „ 

Seven 9 and 10 ,, „ 

One ,, 11 and 12 ,, „ 

It is difficult to believe, that more titan per cent, of unavoidable 
maleriid dost can got into tbc pepper by grinding, etc., and the inference 
naturally is that most of the above samples were ndulteratcd. The ♦ 
maximum ftorcentage of ash from genuine pepper which the writers ha^^, 
obtained is 5'3 i>er cent. a. 

Tlie sand foreign to the pepjter asli is host sopaiatod by the chloroform 
process as used for alum in flour (p. 158). Nearly all the foreign 
mineral niiittcr sinks to the bottom of the tube, wliile the lighter starchy 
matters float. 

Besides the formidable list of adulterations already mentioned, the 
lieiTy itself is not free from manipulation; for, as the merchant judges 
by the weight of the sample, means are taken to render the lighter sorts 
equal in weight to the heavy Malabar and Penang, and in order to do 
this they are macerated in tubs of Imiio for twenty-four hours, and thus 
impregnated with salt and water find their way into the market as 
Malabar; but such samples are quickly recognised by the astute 
mereliant; and the high chlorides, the high ash, tlie gre.at amount of 
humidity, could hardly fail to reveal their nature to the analyst. 

As coflee has been cleverly imitated by chicory pressed into the sliape 
of the cofFce-berry, so by pressing various pastes into the shape of the 
pepper-berry has pepper been imitated. Of this adulteration there is the 
most undoubted evidence. Accum noticed artificial pepjiercorns made of 
oilcake, common clay, and Cayenne pepper, and Chevallier states that 
in 1843 he was requested to examine a sample taken from forty bales, 
in which he found from 15 to 20 per cent <rf artificial popper, composed 
of pepper-dnst, bran, and other matters. 


Catennb Peppbb. 

§ 360. Cayenne popper consists of the powdered pods or seeds of the 
CapticuiH aunimm, a plant belonging to the natural order Solanaceui. It 
is a native of America, hut is also cultivated, to a slight extent) in the 
greenhouses of England and other European countries. It is sold entire 
under the name of Clnlllm. The microscopical structure of the capsules 
is somewhat peculiar; the epidermis is formed of cells, the walls of -whieb 
are thick, flattened, tortuoiis, well defined, and punctated here and there; 




§ 331.] CATBNNE PEPPER. 'S6l 

frequent drops of a reddish-orange oil occur, especially in the parenchyma, 
which is formed of thin-walled, rounded cells. The envelope of the grain 
itself, when cut in thin vertical sections, presents a very singular 
appearance, that of radiating dentiform processes, the apex of each being 
apparently fixed in the outer membrane. The sub.stauco of the seed 
proper is composed of small angular cells, with black colourless walls, 
filled with granules and a yellow orange oil, but without starch. 

Cayounc pcpi>or, as met with in commerce, is in the form of a some¬ 
what coarse, brick-dust like powder, the least particle of which, if heated 
strongly, volatilises a very acrid vapour, causing intense irritation of the 
tliroat. This sensation can be produced by so minute a portion of 
cayeuno, that any foreign substance mixed with it could in this way bo 
detected; it would bo only necessary to sejiarato carefully, by the aiil of 
the microscope and a camers-hair brash, all particles of cayenne, and 
heat the iwrtion su-spected; if no acrid vapours wore given off, the 
substance could not lie caycimo. This intense acridity ap[iears to bo duo 
to a laidy discovered by Dr. Thresh, and named by him (Japsaicin. 

§ 3S1. Copsafc/fi— (Oigltj^NOj), specific gravity 1 •060-—is in the form 
of minute crystals, which melt at 63-63"'.') (1., volatilise unchanged at 
11.6°-6 0. (240° and at 120° C. (248° F.) become brownish-black. 
The fruit yields about 03 per cent. Capsaicin contains a methoxy and 
a hydroxy group and has the properties of a weak pheuol-likc acid. It 
may be obtained by exhausting cayounc by petroleum, ovaiwrating the 
pctftileum, and treating the extract thus obtained by dilute solution of 
|K)ta.“h; on now saturating the solution with carbonic anhydride, it is 
precipitatt'd in very small crystals. It dissolves slightly in cold, and 
more readily m lioiliug, water; is easily soluble in alcohol, proof spirit, 
ether, nniylic alcohol, acetic other, acetic acid, benzine, the fixed oils, and 
solutii.iis of the alkalies. It dissolves slowly in turpentine and carlionie 
disulphide; when pure, petroleum does not dissolve it roailily, but the 
pre.-ionco of the rod oil in the popper increases its solvent powers; it is 
totally insoluble in solutions of the carbonates of the fixed alkalies, and in 
ammonia. Excess of platin chloride added to an alcoholic solution of 
capsaicin and allowed to evaporate, develops the odour of vanillin. The 
crystals moistened with strong sulphuric acid and a little sugar added 
become after some hours a fine blue.’ Silver nitrate gives a precipitate 
with alcoholic solutions of capsaicin: it also yields white precipitates with 
liarium and calcium chlorides. It is powerfully pungent, causing, if 
volatilised, severe fits of coughing. 

It would appear that capsaicin is not contained in the substance of the 
seed; for if the pericarp be carefully separated, the seeds are entirely 
devoid of acrid taste. 

Dr. Thresh has also described a coon.in-liko alkaloid, obtained by 
exhausting the pericarp with benzine, evaimrating, dissolving in ether, 
shaking the solution with dilute sulphuric acid, partially neutralising with 
liarium carbonate, and evaporating to a small brlk. Some red fat now 
separates, and after the removal of this (upon adding an excess of alkali, 
slinking with ether, and evaporating) a brown residue is obtained, smelling 
like oonium, and giving prboipitates witli Nessler reagent, iodine, and 
iodides of potassium and cadmium. 

The acrid oil Capiieol, Capeiein, and other substances described by 
Bucholz, Braoonnot, Buohheim, etc., are undoubtedly mixtures. The 
> Karl Micko. Zeit. UtUers, Kahr. Omusm., II. 411. 
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general oonipoBitiou of cayenne popper may, liowevor, he gathered from tlie 
following analysis by C. Eiohardson :— 



Soffl. 

Potl. 

Whole Fruit. 

Watorat 100" 0., . 

8']2 

14-76 

11-94 

Albuiuinoi'iM, 

18-in 

lO'O.t 

13-88 

Kthor extract, 



15-2a 

Nil i'ogen-fiXN* infill or by j 
diflei-oncc, ( 



.82*83 

Crude fibit?, . 

17-.50 

2;i-73 

21-09 

Aab. 

8*20 


6-20 

Nitrogen, 

2'93 

1-71 

2*22 


The hygroHcopic moisture ranges in different aamjdes from 10 to 13 
per cent. Uno of tlic authors analysed several samples of genuine cayenne, 
and the mean of these analyses was as follows 


Aqueous extract of dried cayenne, 

P«r cent 

. . . 32*1 

Alcoliolic eximet, 

25-79 

13e.iizf»le extract, 

. . . 20-00 

Ethereal extract, . . . 

, . . 10*43 

Ash. 

. r>*893 (soluble, 3’32) 

Total nitrogen in 100 grins., . 

2-04 „ 

The ash, as a rule, will be found to be 

less than 0 per cent, aud should 


not be more than 8 per cent. The ether extract slionld exceed 10 per 
cent,, and the alcohol extract 35 per cent. 

353. Tim Advlte.ratioiis vf Cayntne usually enumerated are: all kinds 
of red mineral powders, from brick-dust to oitinabar, and a few starches. 
An artificial red containing barium is sometimes added, and lead has been 
found. It has been stated that if lead or barium salts arc present in a 
soil they may bo contained in the cayenne pepper grown upon it George 
Gregory * has, however, proved that there is no truth in this statement. 
There does not appear, however, to have been any conviction recently for 
the adulteration of cayenne, and the numerous samples the senior writer 
has examined were all genuine. Most of these additions would be easily 
detected in the ash, or by the microscope. Cinnabar is highly improbable; 
for its detection, see “ Mercury,” in Poismn, by A. Wyntcr Hlyth. 


Spices. 

§ 353. The most commonly used spices are ginger, allspice, nutmeg, 
mace, cloves, and cinnamon. Those spices which are sold in a powder^ 
form are especially liable to adulteration, various starches, stems, barks, 
sawdust, ground olive-stones, walnut shells, etc., all having been used 
from time to time. Microscopical examination ‘ will, as a. rule, show the 
presence of any coarse adulterant, but chemical examination will also 
assist iu the detection of adulteration, and in the estimation of the 

' &il. Pahr. OcKUssm,, 1900, iii., 450 471. i 

‘ It cannot bo too strongly iin{wca8ed iijwn the analyst that however useful diagrame 
and desciiptiniis of niicrusrnpical prepamtioiis may ho, in teaching him what to loofci 
for, the only [lossililo way to learn the microscopical structures of tissues, etc., is tij 
prepare and examine specimens for himselt. i 
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arlnllcrant. The most important determinations to make in the majority 
of cases areash, fibre, starch, volatile oil, fixed ether extract, and total 
nitrogen; certain other determinations will be found useful in the eswe 
of individual spices. The careful determinations of Messrs. A. L. Winton, 
A. AY. Oghon, and AV. L. Mitcliell at the Coimceticut Experimental 
Station, given in Tahlc EIX., will he found of great assistance to the 
analyst. 

§ .S.At. Oin/irr is the dried rhizome of Ziui/iher ollimvile. It is sold 
both with and without the outer inlegiimout and also iii the form of 
jxnvder. The characteristics of ginger starch have been described on 
page 112. 

As well as admixture with such substances i« have been mentioned 
•above, ginger is very often nii.xcd with exhausted ginger; this is usually 
indicated by a low cold water extnmt, and low soluble ash (see 'Table Ll.X.). 

§ Stlo. Aib/iiri' or Vinmlo is tjic dried unripe fruit of Kmjmia pimmtu. 
For analytical figures sci: Table LIX. 

§ S56. Nutvuig ami Mao'. — Nntme(j is the dried sc!cd of Myrisfica 
fmyram stripiaal of its hard shell. This hard shell or arillns constitutes 
the mace of commerce. Nutmeg contains from .‘5 to .5 per cent, of a 
volatile oil having a s])ecific gravity which varies from -880 to ■9.'). 
It boils at 100° (!., is soluble in alcohol, and turns a ray of polarised 
light to the right. 

Artificial whole nutmegs are sometimes msule from exhausted or 
damaged nutmeg powder. 'These are mixed witii genuine nutmegs. 
According to J. Vanderplautcn * they may be detected by cutting the nut 
in half, when all vegetable structure will bo noticed to bo aliscnt. Treated 
with boiling water for a few minutes and pressed, they fall to jiowdor. 
The ash is cxciccdingly high, i.e., from 11 to 18 per cent. F. Ilauwez 
gives the following analysis of some ;irtifi(jial nuts, which may be compared 
with the analyses of nutmegs in 'Table l.IX. 


Moisture, 


Per cent, 

n-o« 

Asli, .... 


11-3-1 

Ash insoluble in IK'l, . 


S-90 

Ether oxti'acl, 


16-12 

Essential oil, 


1-78 

Ccllulosi' (? CTude tibiv). 


8-24 


g 357. Mace .—In addition to the ordinary adulterants, mace is often 
mixed with Bombay mace, a variety which contains only a small proportion 
of volatile oil, i.e., about 3 per cent. 'The fixed ether extract is, however, 
higher than in the case of true mace (see Table LIX.). 'The volatile oil in 
true mace should, according to Kiinig, be at least 3 per cent. AYild mace 
(Afyn'dicafatua) is sometimes mixed witli or substituted for true mace; 
it may be recognised by means of the microscope and also by Hefelman’s 
tost, which is as follows:—A piece of filter paper is saturated witli an 
alcoholic solution of the mace; the excess of liquid is removed by pressing 
between more filter paper. It is thou treated with a drop of potash 
solution. A red coloration is produced in the presence of wild mace. 

Cinnamon and Camia (see Table LIX.).—True cinnamon or Ceylon 
cinnamon is the bark of Oinnamonmm zr^ylanimm, hut the commercial 
substance is more often derived from cassia barks which are sold as true 

' Brilith Food JunrwU, Maich 1900. 
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cinuanion. Tbuy arc mild to cuulidii more iimngauciie oxide ibaii 
cinnamon. 

§ .‘108, CVo/'c* arc the dried nnoxpandi'd llowcr buda of (Jarijitphijllm 
armmiliniA 'J'licy contain about 16 per cent, of a volatile oil. Tin's 
oil has a sp. gr. of from 1 034 to 1’061 ; it is colourless when freshly 
distilled and becomes reddish brown with keeping. It is soluble in 
alcohol, in ether, and in acetic acid. In addition to the ordinary sj)ieo 
adnltorants, cloves are often mixed with stems luid clove fruit. Clove stems 
will he readily detected by the microscojie. 


Tins Sweet and liirtHR Ai-mono. 

S 301) Tiie sw('ot almond, the seed of Ami/i/dalivi eommimi*, and the 
hitter almond, the seed of AiiujijilalnK amwmtiin, var. nmam, enter either 
in whole or in j)art into so many articles of food (such as sweetmeats and 
pastiy, .md as a flavonring ingredient into ccrttiin drinks), that it, is 
ahsolntely necessary to he acquainted with their chemical composition, 
Jioth varieties of almond agre..; in containing about 60 ])cr cent, of a 
bland lived oil (consisting chielly of olein, and liable to become I'anoid), 
as well as an allmniinons principle, eimdsin, sngar, gum, ami woody fibie; 
but oidy in the bitter almond is found, in addition to the foregoing, 
ani^gAalm. 

S 360. The. Oil of AtnunuU is a thin fluid oil, of a clear yellow colour, 
sjiecUic gr.vvity O’Oll to ’920, not coiigulated by a cold of -10“ 0.; .at 
- 16° it becomes cloudy, and at - 22“ C. it solidifies to a white butter. 
Oil of almonds a,i|)ears to l>e rather frequently adulterated with other oils. 

2-5 parte of the oil, .shaken with an wpial bulk of nitric acid (specific 
gmvjty 1-20) and bi.sulj)hide of oarlion, should not show any, colour after 
sboiding a few minutes; if it becomes within half an hour yellow, or 
reddish-yellow, the cliiuige indicates oil from rJurry or apricot licrneh. 

The following test will detect drying oils:—Dissolve one part of starch 
in 3 parts of warm nitric .acid, of 1‘20 siK'cilic gi’avity, and warm in a 
capacious vessel over the water laith with 10 iKirts of almond oil, until all 
evolution of g-is ceases. The oil after cooling is within two days changed 
into a warty, crystalline, greasy miiss of elaidin. Should it, however, 
contain a drying oil {popjry, for e\amr le), it cither remains quite fluid or 
semi-fluid, aecoiding to the proportii.n of adulterant present. The colour 
of the elaidin is also a guide; that produced by the sweet almond is pure 
white, by I be bitter, yellowish-wddto, and by the small or inferior kinds of 
almonds, brownish-yellow; if the elaidin shmdd be red, it denotes adultera¬ 
tion of some foreign oil, especially of setio " • 

I’ure almond oil dissolves in 28 piuT« of cold and 6 of hot alcohol, 
llie above tests, and in addition the low tonii)orature required for 
congelation, should detect all ordinary adult eraticjus. 

S 361. Aoiygdalin {CjgHj^NOjj-f-.3Il.jO), is a glucoside, discovered in 
1830 by Kobiquet and lloutrou-Charlard. It may be extracted from 
almond-cake by boiling alcohol of 95 per cent., and then precipitated from 
the somewhat concentrated alcoholic solution by ether. Ainygdaliu* 

> Lehmann, in an elaborate re eaivh, found the method of Liebig and Wohler the 
beat for obtaining eriptiUKric amygduiin. The process oonsists in boiling the substance 
with strong alcohol (of 91 to Sl.'i jier cent.) twice successively, after having first removed 
die fixed oil by petroleum beiisiile, eonceutratiug to about one-half or one-sixth of its 
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crj'BtalliM'H from SO ixsr cent, alcohol in colourless glittering scales, contain¬ 
ing two nioli'cnles of water: it can also be obtained in cryetala Amorphona 
auiygdiiliii of the beforo-inentioncd olierry-lnurcl leaves and buckthorn 
bark is best (ibtiiincd by the following method :—The dried buckthorn bark 
is boiled with absolute alcohol, agitated with lead oxide, and evaporated to 
dryness. Dried in a vacuum over it forms a brittle, yellow, 

transparent, resin-like mass, which, when heated to 100° C., becomes dark- 
brown ; it can be dissolved by boiling alcohol and by water, but is insoluble 
in ether. AHIiongh amorjihous, it is a crystolloid with three molecnles of 
water, fis jmoved by dialysis from water or weak spirit, but in such a case 
it loses one moksnde if dried over sulphuiic acid. At 100° to 1:30° C. it 
may be obbunerl anhydrous. 

Amyg<lalin possess(» no smell; it has a slightly bitter taste; its reaction 
is neutral, and it jxdarises to the left [«]„= - 35'57°. it dissolves in all 
liroporlions in boiling water, and in 1 '2 parts of cold at 10“ C.; rocpiires 148 
]iarts of alcohol, speeilic gravity 0'!)39, UO-l parts of alcohol, specific gravity 
(I’Siy. if cold- but if boiling, 11 parts of tlic first and 12 of the last; it is 
insoluble in etlier. It melts at 120° C., and begins to favrbonise at ICO” C 
when it develops a caramel smell, and is at length fully destroyed. 

Amygdalin, by the action of dilute hydrochloric acid, splits up into 
glucose, and mandolic acid, volatile oil of almonds, and formic acid. If 
Isiiled with solutions of ]s>tash or baryta it fonns ammonia and amygdalic 
acid. The most interesting decomposition is, however, that which tfjkos 
idace by the action of emulsin; it then breaks up into volatile oil of 
idinonds, hydrocyanie acid, and formic acid. 

Villain,! on, or Essaum uf Ahm,mlii, does not exist as such in the 
bitter almond ; it is, as above explained, tho result of the decomposition of 
the amygdalin. The oil of almonds, when properly purified from prussic 
acid, is identical with the hydride of benzole, It is colourless, 

thin, turning a ray of iiolarised light to the right, of a peculiar, plciisant 
(slour, and .-i binning aromatic taste. Its specific gravity is 1’043 to 1’07, 
usually I'Oo (IlirfcJi). Its boiling |Kiint is 180" C. By the action of light 
and air it is gradually oxidised into bcuzoic acid. It is solnblo in equal 
parts of alcohol, O’d.'iO specific gravity, and in about 30 parts of water. 
'I'lie ethereal or volatile oil is officinal in the French, Swiss, and Norwegian 
pharmacopieias. The ethereal oil is much adulterated. The analyst will 
specially look for alcohol, prussic acid, nitro-beuziue, and ethereal oils. 

If aleohol-fm, the iuidition of an equal weight of fuming nitric acid 
priiduees no cfl'ervescence, and after two or three days the mass becomes 
emerald green, and crystals of benzoic acid apjiear. On the other hand, if 
it contain alcohol from O'OS per cent, upwards, there is immediately a 
strong oflcrvcscencc. Some of the tests given for alcohol at p. 382 et seq. 
will be of service. 

volume; and then ndiliiig ether, which precipitates the amygdallnf and nimovcs any of 
the mnaining lixid oil. Lehmann obtained from 

Itittor iilinonds, . . 

OhciTy-ki-rnols, 

Plum ki'rncls, 

A])j>h'-.scoiis, . 

Powli-kcrnels 
Oiiorry-lunrtd leaves. 

Bark of lUuimnia/miiqula, 

Cherry launsl leaves and Idiamnus Iwk coiitaiii hydrocyanie acid ready formed. 


gfl percent, crystallised amygdalin. 
0-S2 „ 

o-sc. „ 

0'60 „ 

2'S5 

1’38 per cent, amorpluins amygdalin. 
il*7 ,, ,, „ 
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5 362.J 

The detection and oatiniatioM of pi^asic ncitf in the essence is carrie 
)ut on the principles detailed in the article on Vnmtr Arid in Pomns, b 
4. Wynter Blyth. 

Nili'cheiaine is indicated when the essence is not entirely soluble in 
lolntion of bisulphide of potash, and the specific gravity is higher thai 
1-07, the specific gravity of nitrobenzino being 1-20 to 1-29; the boilin, 
)oint will also bo niiscd. In such a case nitrobenzino shordd bo speciall' 
cated for, by changing it into aniline by reducing agents. For thi 
>urposc 10 parts of dilute sulphuric acid (sjiocilic gravity lT17)ruaybi 
ddeil to 10 of granulated zinc and 1 part of essence. At the end of tw< 
lours (after frequent agitation) the lluid is jtasitod through a moistenoc 
Itor, and a crystal of chlorate of jmtash added to the filtrate with a droj 
f concentrated sulphuric acid. If u violet or rod colour is produced, it ii 
uo to the prosence of an aniline salt, produced from uitrobenziue; but ii 
here is no coloration, nitrobenzino must have been absent. 

To estimate the amount of uitrobenziue in an adulterated sample 5 c.c 
f the essence are shaken up in a scjiarating tulic with 36 c.c. of c 
concentrated solution of sodic bisulphite at 25* and made uj) to 50 c.c. by 
■addition of water. The nitivibeuzino is now taken up with ether, the 
ether separated and dried by fused calcic chloride and allowed to evaporate 
spontaneously, and the nitrobenzino weighed. 

Another special mothisl used for the detection of nitrobeuzine wat 
praposed by Maisch :—1 grm. of the esscuco is dissolved in twelve times if* 
volume of alcohol, '75 of caustic melted potash is added, and the whole 
hea ted until the liquid is diminished to about one-third. The pure essence, 
on cooling, is of a light brown coloim, and dissolves entirely in water; but 
if nitn)benzine is present, the residue is brown, crystalline, and insoluble in 
water. 

I'lie action of sodium on tho essence may also be utilised as a test:— 
I’uio almond essence, when treated with sodium, gives wliite flocks; il 
nitrobenzine should be jiresent, tho sodium is immediately covered with 
yellow or brown flakes, according to tho amount of adulteration; if the 
IwrceuUigo rises as high as O'SO to 0-50, tho whole liejuid after a minute 
becomes thick and ojiaque. (Ihayendorff.) 

However,- the action of potash alone on a sample adulterated with 
niti'obouziue is tolerably conclusive. If one grm. of the essence is treated 
in a test-tube with half its weigh! of pure caustic potash, a yellow colora¬ 
tion is pvoduced, should the cssenci! be pure; but if nitrobeuzine Iw present, 
the tint soon becomes yellowisb-red, and at the end of a minute green. On 
the addition of a little water, the mixture separates into two layers, oi 
which tho lower is yellow and the upper green, tho latter changing in the 
course of a day into red. Most foreign ethereal oile may be detected by 
the bisulphite of soda tost:—If a little the pure essence be dropped into 
a warm solution of this salt, of from 1-24 to 1-26 specific gravity, shaken, 
aud then diluted with hot water, it is fully dissolved; other essences, on 
the cont-ary, are insoluble. 


. Aknaito. 

§ 3G2, Anuatto is a colouring-matter obtained from the seeds of the 
Bixa ordlam, chiefly prepared in Brazil and Cayenne. Although not 
used itself as a food, it enters into several articles of consumption, and 
has been employed to colour milk, butter, and cheese. 



5o 8 F00i)S : TBEIB COMPOSITION XND ANAlYSIS. [§§ 363 , 364. 

Microgropieid Olwradm. —^When annatto is examined liy llie micro¬ 
scope, the outer rod portion presents an almost homogeneous appearance, , 
an d the surface of the seed proper consists of narrow or elongated cells or 
fibres vertically disjaraod, wliile the inner white portion consists of cells 
filled with starch corpuscles, well defined, of medium size, aud resembling 
in the elongated aud stellate hilum the starch granules of the pea aud 
beau. 

In commercial unadulterated annatto, but little structure is met with. 
I’ortions of the outer cells may be seen; aud in those Bi)ecimens, which 
in the course of their preparation have not been subjected to the action 
of lioiling water, a few starch granules may be noticed. 

Since this is the case with annatto itself, we can the more easily detect 
the presence of most foreign vegetable substances, such as turmeric powder, 
the starch of wheat, rye, barley and sago flours. The salt aud alkali 
present in the amiatlo generally greatly alter the appearance of the 
turmeric. Most of the colouring-matter of the cells is discharged, so that 
the starch corpuscles contaiued within them become visible. Loose sbvrch 
grannies of turmeric may also Isj frapiently seen, aud in consequence of 
the action of the alkali much enlarged. 

§ .363. Ghemiml Goinpodtiun of Annatto. —Hr. .Tohn found the pulp 
suri-oundiug the fresh seed to consist of 28 irarts of colouring resinous 
matter, 26'6 of vegetable gluten, 20 of ligneous fibre, 20 of colouring 
extractive matter, 4 formed of matters analogous to vegetable extractive, 
and a trace of spicy and acid matters. The colouring-matter consists of 
a red substance—WWw, associated with a yellow, oivMin; the letter has 
been as yet but little studied. 

Jlidu, when pure, is an amorphous, resinous, oinnabar-red 

Bulwtaiice. It is scarcely soluble in water aud bisidphido of carbon, 
soluble in aliout SO parts of cold, and in 25 of hot, alcohol; in 345 parts 
of ether, in 93 of chloroform, and also in the caustic and carbonateii 
alkalies. The alcoholic solution is coloured ornnge-rod by lead acetate, 
brownish-yellow by chloride of mercury aud .acetate of copper, brown-red 
by chloride of iron, and it is precipitiited yellow by stannous or stannic 
chloride; concentrated sulphuric acid produces a deep blue. A solution 
of bixin in an alkaline liquid, on neutralisation with an acid, gives a 
precipitate of the resin, .and in this way it may be purified. 

§ 364. AiMtorafionn. —Annatto is one of the most adulterated sub¬ 
stances met with in commerce, the adulterants being both organic and 
inorganic. The organic sulistances used are—^turmeric, rye, barley, and 
wheat flours, as well as aniline dyes. These latter should always lie 
looked for in the solution of annatto in oil or alkalies so extensively used 
for colouring dairy products. The inorganic—sulphate of lime, carbonate 
of lime, salt, alkali, an oily substance (probably soap), red ferruginous 
earths (mostly Venetian rod), red lead, and-copper. 

When largo quantities of flour aud lime arc used, the colour of the 
annatto is so reduced that it becomes necessary to use salt, alkalies, and 
the rod earths, to restore it to its original standard. Salt heightens the 
intensity of vegetable reds, hence its use. Lead is probably introduced 
into the annatto through the Venetian red used. Copper is added to 
prevent the annatto becoming attacked by ftuigi. 

The following is an analysis by one of the writers of a fair commercial 
sample. 
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No. 1. 'I’lic stimple wiis in tlio form of a paste, colour dcop red, iKloiir 
4 peculiar, but not disiigrccable 

Water,.2-t '2 

llraili.28'8 

Ash,.22'6 

Sturcli and exlraoUvc mailer.24•.'i 


lOO'O 


The following is an analysis of an adulterated sample. It was in the 

form of a hard brown Ciike, texture hard and leathery, odour disagroo- 
able:— 

Water,.13*4 

Ih'sin.tl’O 

Asli-ooiisistiiiRtd'iixui, silk-a, chalk, aUiiuiiia, and salt, 48’3 

Kxtmctive imtlUir,.27*3 


100*0 

§ .3C.j. The AnahjsiK 0 / Anmiito, its may bo gatheral from the preceding 
description, pi*inoipally resolves itself into a diitcrminatiou of the ash and 
an estim-ition of the rosin, 'i’lie former is determined in the usual way, 
the latter by exhausting the sample by boiling alcohol, getting rid of the 
spirit by evaporation, and then rodissolving the extract thus olitaiuol in 
an alkaline solution, and finally precipitating the nearly pure rosin by 
Ciir^ful neutralisation witli an atad. 

• Olivk Oil. 

dfid. Olive oil is derived from the fruits of the olive ti*eo, Olea 
mtion, of which there are many varieties; in Italy alone, three 

hundred. 

The constants of olive oil, as compared with others, ard set forth in 
the following table ;— 


TAhLE LX.— OUEMICAL ANU I’lIYsIOAl CoNSTAN*IS 01' OuVE Olt AND BOMB OlLB 
osnn FOB TUB Aduli'Euatiok of Olivk Oil. 



Specific Oravl^, 
Water =.1. 

Sulidlfyitig Point. 

il 

=0 

CS m 

lodinu 

Maumen^ 

I'liermal 


Atl5“C. 

At 100’ 0. 

Pat. 

Patty 

Acida. 

"s s 

"si 

Sts 

If 


Test. 

Olive oil,. 

•fill to *917 

■862 


21 to 22* C. 

94 to 96 

186 to 196 

79 to 88 
goticrally 
81 to 85 

34*to85’C., 
mean value 
35% 

CottouvReedoil, 

■922 to '930 

•867 to '808 

©•to- 1' 

,.l 1,1'30' 

96-0 

191 to 196 

lootoit; 

75* to 90* 

Arachls oil, . 

•91«to*l»22 

'804 to -Wi 

- 8’to- 7- 

24 to 30’ 

Ofl'O 

190 to 196 

87 to 100 

44“ to 07* 

Kao* Ail.. 

'914 to '917 

'8561«> 

- 2’t(i-10‘ 

17' t'» 18“ 

95’U 

176 to 179 

97 to 102 

49’ to 51* 

|c«ai04 oil, 

•922 to -924 

•868 to -871 

- 6“ 

18- to 22* 

OO'O 

188 to 191 

10310112 

63“ to 68 

UaUti oil, 

'SWl U) •922 

'868 to '860 

-10* to-16 

14’ to 16* 

96-0 

189tolllU 

111 to 119 

79’to 86* , 
oocoa-nnt 
olein. 

■ucoanut oU, 

■923 

•878 

16* to 2(r 

16’ to 20* 

88'0 

246 to 268 

8to9 

S!6*t<i2r 

(AUfn). 
86" to 88“ 

oil. 

■928 to '924 

•873 

-18* 

15’ to 1C" 

06'4 

UlOtn 105 

183 to 138 


‘90ti0t'>*973( 


-10“ to-1ft' 



176 to 182 

88'4 to 86 

46“ to 47* 

Vurcas oil, 

•oil to 020 


-8* 


87*9 

210 to 230 

100 to 127 



I JF.A.—Koue of tho above (save encoa.liut oil) give wore than autllclent volatile aeld to neutralise 1 C.C. ot 
111 . soda when submitted to the Xtelehert-Wulliiy test. Cocua-nut oil, however, gives a dehnlte Eelchert* 
idluF value ol about 7 e.c,, aud castor oil about 8 c.c. of d. n. soda iwr 8 grammes of ut. 









5*0 FOODS : THEIR COMPOSITION AND ANALifSIS. [§'367. 


The composition varies within certain limits according to the species 
and locality, and as to whether the oil has been expressed or extracted by 
solvents. The finest edible oils are known under the names of ‘ Virgin oil,’ 
‘Provence oil,’ ‘Aix oil’; and a second (piality is sold imder the name of 
‘ finest Tuscan cream.’ 

Olive oil contains about 28 per cent, of solid glycerides consisting of 
pihnitin, stearin, and a small quantity of arachin. The liquid portion of 
the oil contains olein, linolcio acid, and unsaponifiablo matter (cholesterol) 
in tho following proportions:—Olein, 66 per cent.; liuoleic acid, 5 per 
cent.; uiisaponiliablo matter, 1 |ior cent. 

Free fatty acid is always present in quantities varying from 1 per cent 
to 2r) per cent. 

Most specimens of olive oil when examined by tho spectroscope show 
a chlorophyll spectrum. 

TABLE ].XI.—M1.XSI1 Fatty Aciiis. 


Olive oil, . 


Sftsani^ oil, 


Kape oil, . 


Cotton oil, 


Avacliis oil, 


I’ojipy oil, 



SajKihiftcaUot) i 

Molting Point. Valup, Iodine Nunitior. I 
Mgi-um. ikliO. I 


85 to DO 
109 1^112 
99'8 to m 
]lltoll3 
90 T* to 103 
96 to 103 



§ 367. AduHemtionn of Olire Oil ,—Olive oil commands a good price, and 
is fhorofore extensively adulterated with other oils, osi>ecially with cotton 
and arachis oils, but sesame, rape, poppy-seed, lard, curcas and castor oils 
have been used. Green oils should always be examined for coi)por. 

Uefradiun of Olive. Oil. —.lean’s refraetoineter may bo applied for tho 
detection of certain adulterants. Oliveri gives the following values:— 


DexiaUon. 


Olivo oil,.0" to 

8raun4 oil, . . . ... 

Amohis oil,. 7“-6 

tlottoii-sced oil,.18° 

Colza oil. 26°'6 

Poppy-sewl oil,.28°'6 

Castor oil.41°-41* 


Zeiss’ rcfiaetomcter may be used with advantage for the detection of 
cotton-seed oil. The table (LXII., p. .511) gives the normal readings of 
olive and cotton-secd oils at various temperatures. 

.1. II. Long' has examined a number of oils and determined tho specific 
gravity at 24° C. as compared with water at 4° C., the oils being weighed 
in a vacuum. He has also determined the refraction at 20° C., using thi 


sodium light; the following arc his chief results;— 

Specific 

(iraTity. 

BefractCve 

Index. 

Olivo oil, . , 

. . O'SISO 

1-4608 

Cottou'Secd oil. 

. 0'9191 

1-4732 

Sesame oil, . 

. 0-9191 

1-4740 

Mustard oil, . 

. 0-9121 

1-4742 

Castor oil, . . 

. . 0-9689 

1-4791 

Lard oil, 

. . 0-9122 

1-4686 

Peanut oil, . 

1 

. . 0-9178 

1-4717 




















OUVE OIL. 
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gtr;; 


The variations oanscd hy tempomUire ho found to Iw 0'00068 specific 
gravity, mid 0°'0004 refraction, for each rise of 1 degree C. in tcmporatiirc. 


TAliLK I.X11.— Rkadinus on Zkibs Kbkiiaotombtkii ok Olivk 
AND Oo'lTON-SKBIl OlLS. 


T(‘in|)crnt.iire 

(('uiiiigradc). 

HO.UK KKADlNd— 

TeniiHjr«tim‘ 

(OeiiUin-iwie). 

8CAI.1C lllCAMNd— 

Olive Oil. 

C'oUoii.Bced 

Oil. 

Olive (Ml. 

(.'ottonmeed 

on. 

8,V0 

67-0 

01-8 

‘if)-5 

G2*4 

07-5 

sf.'; 

.'■.7-2 

62-1 

25-0 

G3-0 

67-» 

31-0 

.r.7M 

02-3 

21-6 

G3-3 

G8-2 

33*5 

t,T1 

62-5 

21-0 

03-G 

G8*f» 


58*0 

C2-8 

23-5 

63-9 

G8-8 

32 T) 

58-3 

63-0 

23-0 

Gl-2 

69*1 

32*0 

58-5 

G3-2 

22-5 

GI-.5 

GO-4 

31-5 

50*0 

G3-6 

22*0 

Gl-8 

011-7 

;u*o 

59*2 

64-0 

21 ■:> 

(ir.-i 

70*0 

BO-.'i 

r.«r4 

64‘2 

21-0 

G5*l 

70-3 

30’0 

50'0 

oi'f. 

20-5 

6.5-7 

70-6 

20-5 

GO-1 

Gl-9 

20-0 

CG-0 

70*9 

20-0 

GO *3 

Cf.-l 

l»-.5 

6G-3 

71-2 

28-n 

GO-G 

G5-3 

19-0 

GG'G 

71-5 

• 28’0 

GO-9 

0.5-7 

18-5 

GG-9 

71-8 

27-r. 

(ii-i 

GG-0 

18-0 

67-2 

72-1 

'J7-0 

61-f. 

66-5 

17-5 

07-5 

72-4 

2S-S 

G2-0 

67-0 

17-0 

07-8 

72-7 

2li-0 

62-2 

67-3 

IG-fi 

68-1 

73*0 


'I Ir.' following are the chief special tests for foreign oils- 

.SV'sit/He Oil.—20 c.c. of the oil are mixed in a test-tuhe w'lth 10 c.c. of 
hydrochloric acid (■specific gravity I'lO), which contains in solution O’l grm. 
of siiLsir; on shaking and allowing to stand a minute, should sesame oil be 
prcbcut, there will be a more or loss crimson colour (levclo|)ed. 

The red colour in some olive oils adultemtod with sosamii appeiu* in 
the oil rather than in the aipieons layer. 

According to V. Villavecchia and G. Fabris’ sesame oil nuay bo thus 
detected : 01 c.c. of a 2 per tent, solotiou of furfurol is placed in a test- 
tube and 10 c.c. of the oil to be tesiul added, followed by 10 c.c. of HCl, 
specific gravity 1'19. The tube is shaken for half a minute; a red colour 
denotes se^.imd oil. 

Sesame, if present, will also alter the ‘constants’ (sec Table LX., p. 
509), its presence tending to raise the spei ific gravity, the iodine number, 
and the thermal value; but a small p r utage of sesame will only affect 
these slightly. 

Ami-liit Gif.—Arachis oil is so similar lo olive oil in its general reactions 
that the only way in which it can be dcmonstiated with certainty is the 
isolation and estimation of arachidic acid. It is true that olive oil also 
contains arachidic acid, but in so small a quantity as not to lie estimable 
from such quantities ns 10 grms. of oil; whereas it is in about the proportion 
of 5 per cent, in arachis oil. To isolate arachidic acid the method of 
Keuard is in use. 10 grms. of the oil are saponified, the soap decomposed 
by hydrochloric acid, the fatty acids dissolved in 90 per cent, alcohol, and 
^ Zcii,f. angeioandte Chern^t 18d3, 505, 506. 
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POODS: TnEin composition and anadvsis. [§ 367. 

l>y Irad acclatc. (L<‘\\ko\vitscli fihorlens the ])roc('Ss hy 

Uic s(»ai» l»y acid, and tlii’ii i)rofipitatiii^ direct with 

hnul acelale.) Tlie IojmI salU arc extracted witli ether, which dees net 
dlf>Helve lead paiinii-ite and lead aiMeludate. M’liese latter are wanned with 
hvilruelderic aenl, the falty acids allowed to solidify, and separated from 
learl chloriile. The selid fatly aehls arc dissolved in hO c.c. of hot 1)0 per 
cent. ale.(dioi. If araeliidie acid he present, crystals <if the acid are formcfl 
on I'oolin)^:; tiny have a liollnito form, and iiieltin;''lHniit of 71' to 7:2* C. , 
lhe> may also !»<• identdied l)y dissolving known araohhlie acid in a similar 
<pnnml y in Intt ideoht)!, and comparing: with them the nielthij'))oint and 
mierosi-opical eltaraetero of tlio ery.^ttds exinicted from the oil. 'J’he 
eryslals should he Wi'i>;hed, and the wei<;hl. correetod by addinj; a numher 
rejiveseiilin;^ the araehidie aeid still held lu Kolution. 100 e.c. of 1)0 per 
cent, aleohol dissolve 22 at lo' (J. and 15 me-rms. at 21)' (5 The 

({uantilN of ara-'liis oil present i.s fonjid aptnoximalely by iiuiltiplyinf; lias 
wi'i^dit of the crystals by 20, ealenlatini; lliat amclus oil *'ontains aliunl 5 
per ciMit,. 

De Nejrri and I'ahris ha\e evamined ditlereiil mi.xinres of olive an«l 
araehis oils, and leae ohtaine*! the folloaiim- results flhe araciii" oil used 
eoiiluinmjr appaieiilly 1 7S pn eeiit. of ar.udndii- aeid):— 


T.UihK hXllI. 




Saiiiplv roiil.uuinti: 

.\rai-liiilK- \('hl loinxi. 

, 











erjKtRlBin 

‘‘‘•liiUini. 


Ariii-liw oil. 

Ohv oil. 

AruuhiH Oil. 

H li.iniU'il 

'J'otal 




urm. 

Orm. * 

fJnn 

I’l'T I'Ctit. 

70 

‘Ill 

1 HIT 

o-inir, i 

u-nsn 

21*-OS 

S>) 

liO 

0 non." 

o-iKji:. 

U'Ol»2U 

20*24 


I.'. 

0 

o-unir. 

(f<i7u 

14*00 

1*0 

_ 

JO 


iriKh.i 

O-OMS : 

io*ao 


In two oilier experiments with 10 jH'r cent, arachis oil and 90 per cent, 
olive oil iudy unweighahle crystals were uhlaiued, and in a tlurd a (juantity 
ecpml to Dot jKT cent, araehis oil; hence, when operating on 10 gnus, 
iht' limit of doteetion ap])eurs to l>e 10 jicr cent. Sliould, therefore, 
tjualitalive cvi«leuee ho olnuined of small qiianlities of araehidie aeid, from 
2*» to oO grms. of the oil mnst he sa[M.nufie(l to get qviaiitinnive results. 

Otti’it • i Oil. -This is detected l»y the allcrttion it prinliucs in the 
wjwcdic gravity, in the ivfraetonuler reeding ly the higher KKlinc nuinher, 
by the higher nn Iting |riint of ll»e fatty acids, by iJeechi's nitrate of silver 
and by llalphen’s test. 

Pur IkvinV test two solutions are i\**|uired—viz., an alcoholic solution 
of silver mtraie, .\gNO;, I grm.; alcohol (98 percent, by volume), 200*0 
e.c.; ether, -10 c.e.; iiitr'c aeid, 01 grm., and ti solution of colza oil, 15 
pivrts, in 100 {virts uf amyiic alcuhnl. The colzji oil should lie ‘cold drawn,’ 
and only slightly coloured. To apply the tost, 10 c.c. of the oil to Itc 
exaniiuwl arc mixed with 1 e.c. of the .silver nitrate solution, and then 
from 8 to 10 txc. of amylie alcohol soUuiou of colza oil arc added; the 
mi.xture is shaken up, and heatevl in a wuter-kitb for five or ten minutes. 
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If cotton-swd oil is present, there is prodiicod a brownisli eohmr or tiirliidit 
of varyinjf grwlo from light maroon to Idack. A small quantity of cotton 
seed may give no reaction. 

Ilitlplien’s Test. —l.’arhon hisulphido contoining ulnnit 1 per cent, o 
sulphur in solution is mixe<l with an e(ju:d volume of nm\lic alcoho 
.1 c.e. of iho Kunplc and .“I e.o. of the reagent are mi.\ed in a lest tuhe air 
lioated for fifteen minutes in a hath of boiling laiiu^. If no reaction take 
place add another 1 c c. of the reagent and heat for ten minutes; if ther 
is no reaction aild anotlicr 1 c.c. and heat again. A nid or oraiig 
coloration indic-ates cotton-seed oil. 

Tliu uusaponifi.ahle matter in olive oil is cholesterol; in other oils, snel 
as colton-seeil oil, phytosterol: hence Salkoa’ski’s process, already descrilas 
in the article on ImhI, is apjdicahle to the detection of foreign oiU 
especially cotton-.seed oil in olive oil. 

/fri/ze OU .—This m.ay he detected hy the character of the ‘constants 
especially hy the melting and solidifying points of the fatty acids, th 
lottcr saponitication and tlie higher iodine niitnhers. 

I'ojipij-seM oil is chiclly indicated hy the higher specific gravity am 
the high iodine numher. 

(V/.i/.a'Off is soluiile in every proportion in glacial acetic acid and ii 
ahsolnie alcohol, tllive nil is only slightiv soliihh' in ahsoliito alcohol, S' 
in 100. 

Curran (HI will Ix! indicated hy a high iodine value and a high Ba|yjni 
lleatioo value. It differs from castor oil in heing insoluhlc in ueetic mail 
Trealcd with nitric acid and copper, an intense reddish brown colour i 
produced. 

/.or/! Oil may he detected hy the isloor of lard oti wanning and hy th 
high i.a!ting-|xiint of the fatty acids. 

1' may lie linally stated that cxiierietice has shown th4, save a fet 
K|a;ciat tests (such as Becehi’s for cotton oil and the colour test for sesumd] 
I eliance mu.st be maiidy jdaced on a careful determinatioti of the specifi 
gravity, of the melting and solidifying ]siints of the fatty acids, th 
refraction, the imlinc nundx'r, and the saponilication values for the detectioi 
of adulterations of olive oil. 
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fj 3fiS. Ordiiirirv (Iriiikiiij' watur is water containing diasolred gases, 
mineral tjilts and organic matter in soluliim or suspension, and usually 
various living organisms. 'I'lie resoarehes of tlie analy.sts in llie examina¬ 
tion of water liave for their ohject the nineiling and determining the 
nature, and when possible, the origin of these snhstances. The nature of 
the foreign matter eontained in water de 2 )ends ujion the purity of the air 
through which the water has fallen as rain, and mion the natnr<! of the 
various soils or surfaces with whicn the water has come in contact. On 
this account It is imjsirtant that the analyst shoidd ohtain, as far as 
[sxssihle, .1 full history of the sam])le to he ex.iniined, i.c. whether it is 
surf.ice water, shalhiw well water, or deep well water, and tho nature of 
the soil from which the su 2 )])ly is ohtained. This latter information is of 
es(s;ciai importance in enabling the analyst to draw inferonees from tho 
nature and n iantity of the mineral matter present; thus, water which has 
simply llowed over Metiwinr/iliir or Iijimwn rorh'ii, as for instance the water 
of hoe'n Katrine, dilfers hut little from rain water. The tobd solids arc 
very low and they contain little nr no organic matter. \\'ati» from the 
rimll., if taken from deep wells, contains, as a rule, very little organic 
matter, hut is specially oharaotcrisod hy its great temporary hardness, duo 
to calcium carhouate held iu solution hy carbonic acid. 

i\'atKi'/rom ila'jiii’Kian Limeftone is as organically pure as that from 
chalk, hut is not so suitable as a drinking water or for domestic and manu¬ 
facturing purposes, on account of its high total hardness and tho largo 
amount of magnesium suiphatc it contains rendering it permanently hard. 

Water from Onliiir lAmeetoiie differs but little from water from chalk, 
excciit that this limestone is not such au efficient filtering material, ami 
owing to its liability to hceome cracked or fissured, there is, especially 
with shallow wells, more chance of its contamination. 

Water from SaiMimer varies very considerably in organic purity and 
in the quantity of dissolved mineral matici. It is, as a rule, fairly 
hard, containing carhouate and suljihate of oaleium, A considerable ipian- 
tily ' f sodium cliloride is alsf» iisiuilly jiresent. 

Water from Clan is usually organically impure, small in quantity, and 
of great jrcrm'inent hardness. 

Water frmn Peat contains a large amount of organic matter, but need 
not, on tliat account, be dangerous for drinking purposes. It umtaiiis but 
little dissolved mineral matters. 

It must be remembered that the water from deep wells, as often as 
not passes through a number of different geological strata, and so takes 
*up various substances from each, its final composition Iming the result of 
a complicated series of clmuges. 

34 
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TTio rfiiilino t.'xaiiiiniition <»f otvlmary wuniiics iff walt-r ciuiiprisaK the 
followiiiir:— 

I. FaaMINA'HoN hy 'mik Skn^jw. 
n. (JlIKMH’AJ. Mlthows. 
liJ. Fiouksicai. Methods. 

1. KnaMJNATIoK 15Y TMK SkSS^X 

WutiT Umt. is evuliHilv lurliki, tiiut ]M)sm'sshs an (kIouv jiihI an 
unpk'iihjiiil I’t'/jnin.'i lid (in'ih/H'-a/ jn'ora^M ^ ftt if us unfit for 

driukni” n\ its iinalrond coinliiiun: such \v:itcrs may, however, l»e often 
^n’eatly iiujU’oved hy lilimt.ioti thron^di sand, or otlier trealinent.. A water 
llmf. even jkihhusscs any one of tie; eiimnerated )''el qualities will, as a rule, 
he found to hold in solulion suilicient itnimrilies to make it deeidedly 
<ihjoetionai*le. Mod, drinking waters, wlnu look' *! at, or Ust<‘d, or sjnelt, 
without s|ie<-i;d iihiH to the senses, have neither e hair nor culour; on the 
oilier hand, all water, if viewed throutrh astillieienlly dciq» sti-iiUan, twssesses 
eolonr, 

( Vi/o«r.—To ascertain the colour of water, it is usiiiil foi analysis to U* 
pruvkh’d with a colourless ^la^s (iil»e, at least ‘J feet in leii”t)i, havin*; the 
entls (dosed with ]diile ^lass, and a .small opening in the sine of the lube 
ihron^ph whieh to jrmr the water. Thy [mresl waU-rs have tla* slmditest 
linpi of lihu'; tlu' m’\t in ortler of jmvity Imve a just dhthii'nisliahle 
shade of ;rreen Deeulid green tints, l.ond<»n fog hues, nmh('r yellow, and 
brown lints aiv those poasusstsl t>\ waters tinged with jteal, containing 
sus[ioiuh‘d matters, of second class composition, v»r those oJ considerable 
inqmrity. 

Nh'Hsix t’roolo's, (idling, and Tidy, in tlieir repoM, on the Ixindeii water- 
supply for IKSI, (lesei'ihe uu ingenious ‘colour meter,’ consisting of two 
hollow wi^lgOH tilh'd, one with a Iudwii and the otlier with a bine solution. 
Any desired combination of green and Idiic may be made by sliding the 
wetlgos across each other in front of a cinrular aperture in a slieet of metal, 
and thus imitating tlu' tint of waU'r under e.vaminati<m; each prism is 
graduated from 1 to 50, the ligurcs representing the thicknass in milli¬ 
metres at that particular part of the prism. 

A fur more soientilie method is to fix two right-angled prisms, the 
rtdlocting surface of each )>eiug in op|Misite dircetions, in front of the 
divided slit, and then to till a 40U e e. lube, such Jis is used for saccharirn- 
dry, with tlu* water under examination, and a second 400-c.c. tube with 
distilleil water, and by means of two sources of light of equal luminosity, 
examine by the melUods deseriUsl (p. 60, ct s/v/.) the different jiarte of the 
Rpeelnmi, and talmlate out the alworptiou of the water as com^iared with 
that of distilhnl w.ater. 

»s’im'v 7,- -Unlf a litre or more of tln^ water is warmed in a large ctirked or 
stopjwred ilask to 38* t'. [llM)’ F.]; a long glass tube tliree^^nartcrs of an 
inch in diameter is now instutiHl, and the water sucked up once or twice so 
as to wet the side of the ttilic thoroughly: then, without taking the tube 
cut of the flask, one nostril is applied to the orifice of the tube, the other 
closcil by the rmg(’r, and dex’p inspirations or ‘sniffs’ taken. 

Another sinqilcr plan is to warm a quantity of the water, witliout 
reniortug the stopper, up to the temperature given, then shake, remove 
the stxipper, and smell: a putrid odour denotes decomposing animal or' 
voiFutable matter. If the sample is mnch'j*ollnted by fresh sewage, a 
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urinous odour is not unfre()iicntly distinct. But, aj;iiin, it iiciy be specially 
noted that water <initc unlit to drink may Imre no <«Ionr, hence tlio nscfnl- 
iiess of the tost is limited. A positive siiioll toaelies volnmes—a n(};!ttivc 
result is of little v.aliie. 

Ta4e .—A few waters, and a few only, have a decided taste. It is 
Bcareely to ho recoinmendcd tliat analysts should taste aamples derived 
from fever-stricken localities; hut, on the other hand, »hen there is no 
sus[)ii.'iiin of the samples having been the eaiisu of any illness, the |mlato 
m.ay detect .some not unimporUnt peculiarity. 


II. CttEMio.M. METirons. 

A. - Pi'Uiiiinarn Quatititlifi: (Jhitiiiit'ot Keamim/iim. 

§ .‘tSU. The ipialitalive examination of di'inking water i.s not of much v.alne 
sine when applied to a water considerably [.lollutod. It m.ay he restrielecl 
lo the direct addition of Ncssler .solution, when a water containing a con- 
sider.iiile amount of free aimnonia will give an amber colour or even a 
[ircciiiitate, and to llie testing for inlntes, nitrates, and nietaks. 

IMi rlhin 0 / Kih ihv .—^The host tests for nitriles .arc—(1.) The meta- 
pheiiUenediamino test; ('2.) Meldola’s test; (It.) The naphllijlaniine test; 
(4.) The zinc iodide starch test. 

y.) The Mi-lit-ji/ifni/lmiiiliaminf Tivi ; the solution is made by dissoh iiig 
8 granin'es of the hydrochloride in I litre of distilled waho', and adding a 
little hy;(roehloric acid. A c.c. of the solution addeil to 50 e.c. of water 
acidilled with snijdmric acid (1 : .'I made very faintly pink with perman¬ 
ganate of |intash), strikes a pale straw-yellow to a deep orange-rod, accord¬ 
ing to iiie ijuaniilyof nitrite present. By comjiaring with known dilute 
solutions of nitrite Ibis method gives fair quanlilative residts. * Tlic limit 
of th4; roactioii is, according to It. Wariiigton, 1 part of nitrite in ten 
nii’.lions of solution. 

(2.) Mi l'lida’a is a solution of p.ara-aniido-benzene uzo dimethyl- 
aniliiK' in water, aciilifiod with hydrochloric acid, strength about ’02 per 
cent. The reagent is addctl to the water to Ije tested, ami the whole is 
acidilled with sulplniric acid, warmed from ten to liftecn minutes on the 
water-bath, and then alkaliscd by a>mo<>nia. if no nitrites arc present, 
the tint is iirst a jnile citron-yellow, < haoeing on the nfldition of the acid 
to a rose-pink, and i-econvertcd by ammonia or alkalies to citron-yellow. 
If, however, nitrites are piv.sent, the acid-li.juid becomes of a salmon colour, 
and the linal tint on the addition of ammonia is that of a sap green with 
small quantities of nitrite, and of a sapphiie blue with larger quantities; 
on acidifying the liquid it changes back to a dmon colour. Tlio tints are 
not jiernianoiit, but soon fade. Tbe reaelioii, according to AVariiigtoii, 
succeeds in a dilution of 1 part in one hundred millions. 

(3.) The Ntt)ihihjlamvne Test. —Itcagents.‘■'jiution I.: 1 grm. 
gulpliaiiilic acid, 14-7 o.c. glacial acetic acid, 283 c.c. distilled water. 

■Solution II.;— "2 grin, a-ijapbtbylamine, 14’7 c.c. glacial acetic acid, 
325 water. Keep the solutions separate and mix equal volumes before 
using. To 50 c.c. of the sample add 2 c.c. of tbo mixe<l solution; a 
minute truce of nitrite strikes a pale pink; but, if much nitrite be present, 
a deep ruby colunr is pniduecd, and tbe suintiou becomes turbid from the 
precipitation of colonring-nuttlqr. ITic reaction may be made to give good 
Iquantitative results. Wariiigton found tbe reaction distinct witii a 
1 
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ililntimi of I of iiitrilo ill live liuiidri'il millions of wiitor, Init iu those 
1 .)k’ n-uction r<’«jiim*K to on for an (»r two before 
tin* roiour j.s (lrVrlfi|>i‘il. 

(i) The Ziv-- lithJf Slmrli 'M. To UK) c.r, of Uio water arc :wWihI 
*J o.r. of sir<nn: Mtl|tiinri(* at i«l, ami a little /inc a)id stareh solution 

(see : in the ]ir<‘vnee of nilHtos a bluf' colour appears. 

IhMioit itf Sil'vla. —Sine(‘no nalunil water is al>s<tlutely free from 
iiitmtc, tlio ijuantitative e,v)iniati«ni of nitrates is alone of importance. 
Most ti’si.s are eohiiiion l.o nitriti-s ami nitrates. A'itrates, in tlio alwcnco 
of nitriU's, <‘an 1«* nnulily tested for hy acidifyinir, adilinj: a little zinc, and 
tlien testmn with the /i.jc iodide si.areh test. (Kor the brucine and other 
tests, SCI' pp, n'JJU.'jL*.').) 

of f’in.n!i‘Oi< Mthv'.-i .—Tlie ].oiM)non.> metals most freijnently 
found iu orduiary waters are lead or eopjier. and »he most sensitive test for 
these U to acidify am! add elllier auioioM. sulj)lml« <-r sulphurette<l livilrogen 
water ; adark lint or preeipilate d' Uoles eitlu-r li-id or eopper, or both ; by 
addiuj; |K)tassie cvaimle solution, if the d.irk hue he dne to eoj)per sulphide 
only, the Kolutioii elears; if to lead suljdiide only, it remains dark , if to a 
mixture, it jiarti.dly clears. To eonlinn a eoj-per ri'aciion, test wii h }tinavsic 
ferroeyanide ; this ^miduees a brownish colour or precipitjife, accordinjf to 
tie* (tnantity of eoppi-r present. 

.\ I'onvenient re.urent is Ihe senior author’s coehim*al test. A sidntUm 
of eoehimal in spinl strikes witha neutral or alkaline solution conlapiin*; 
dissolved lead or eojiper. a ih'ep inainehluo to a r«*d with a faun, blue 
tiuj'e. aceorduiii to t lie amount pii'si-nt. Tl»e test will indicate oUj orainof 
lead per gallon in ortlmary driidviu;;-wat.er, ami hy the aid of tomparison leaii 
or e.ipper free solutions, suialler (pianiiliesoi these metals may b(‘ detceted. 

r. !*. Veiiahle’ has found 4't.K‘•runs of zinc carhouale per gallon in a 
spring water. IleaLon- -iu a Wel.'fh spring, after Ihming through half a 
mih* of gaUauisevl iron pipe—found 0*41 grains jk'i* gallon of ZnC'O;;. J)r. 
Kranklaud lias recorded a case of poisoning from a zinc-pollnted well-W’ater. 

l***(!hssie ferrocvaimle added To the tilUu'ed and acidnlatod water 
eontaniing zinc, gives eiilcT a liglit white cloud or hwivy precipitate, 
according to the amount present. 

B. - Unavtiiatit^f Anahisig. 

UTO, A coni))lele examination by elmmieal processes cmbi*ace8 the 
following determinations; 

I. Total Koliil resiihu', and .solids iu solution and sns|)ension. 

U. Kslimaliou of the halogens, chlorine, and occasionally iodine, and 
m !i few (mes brotidue. 

X I*hosj)lmlo.s. 

■I. Nitrates and Nitrites. 

5. Kstimation of dissolved oxygen. 

6 Sulphates. 

7. Oxygen alisorbetl from peniuiuganate. I 

tS. Kree and albuminoid ammonia, 
y. Hardness. 

It). Alkalinity. ' 

11. Orgjinie Analysis—Kstimation of organic carlion and nitrogen, 

1-. Mimral analysis of water. 

• <'hem. AVr<, vi»). li. 18. 


■*' Jb., xWx. 85. 
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The ordiii.in' iinahses, Kuffieioiit iu timst ctuios to pniiioiiiioo an opinion 
as to tlie litiiess of ii water for flrinkiiie; [lurposes, eiiihraio only 1, :!, Jt, I, 
7, 8, ami !l. 

1. Tutnt iSfili't litviiluf. —By the total solid residue of a waiter is meant 
the Hiihslanees in solution, as delerinined hy drying up a measured 
IKirtioii, and weighin'; the dried residue; if the water i-ontain suspended 
m.attei-s, it should first he filtered, and a portion of the elear filtered li<|uiil 
taken. The .amount .suitahle for this determin.ation dejteuds ujioii the 
eliaraelers of the water. The soft Devon w'iiti'r.s yield a very hisiftrufieant 
residue from 100 e.e., and to ohtain frustworlhi resuUs, at least a ipiarfer 
ot a litre is required; while, ipii the other hand, with ealeareous waters, 
paid icsidts 111 .IV la* alwaya ohlaiued from 100 e.e. With waters the 
eharai-ters of whi> h are unknown, it will he host to o|ierate on a c(Uarter of 
a litre. Ill fif working; with Ku;.dish me.asurcs) one twentietli of a pdlon. 
The water may he ]ilaeed in a ]ilatinum dish, and evaporated down to a 
small quantity over a rino burner, takino rare that the liquid in no ease 
boils or even simmers; the last drops are driven olf on the w.ater-lialh. It 
is neommendisl hy the Siaiety of Analy.sis to heat the residue up to 104" 
C. I’’.) in the air-bath, and then to eiiol under a desieeator; Imt with 

waters of unknown coinjiosition, it will he he.st to woiph the residue, which 
li.is not been exposed to a greater heat than 100° (h, for it is always ojien 
to the chemist to expose the residue thtis obtained to higher temperatures, 
Thijexamination of the solid matters by the eye will often reveal mueh. 
Irongitesa eopqiery lustre to the dish, manganese a green to the ash, 
and veey pure waters leave a residue almost white. The dish with its 
contents is next heatisl to a low redness, by the aid of a gissl Hunsi'ii’s 
burner, furnished with a rose, and then cooled and weighed. .Note should 
bo takiu of any blaekening or seintillatiou. The loss of weight is returned 
a.s loss on ignition, and this liiial residue is di.s.solved in the ma'nicr to bo 
deserils'd and used for the ipialitativc determination of the phosphates. 
Th' snsjiended solids are best estimated by eva[ioiitting to dryness, and 
weighing i.he re.sidlies of known quantities of the water unliltered and of 
the water filtered through a hard filter, the ilitference iu the weights 
eipialliiig suspended solids. 

g’. i’diintUioii nf lint llaluijcm .—The estimation of chlorine is an 
essential part of the ordinary seheiiie of waiter analy'sis; that of iodine is 
rarely (pirhaps tisi rarely) qiorfonned, while so few waters contain an 
estimable amount of bromine, that it need not be here described. 

('hloriw .—Chlorine exists in ordinary watei's in the form of siKlie 
ehijrido; occasionally a small portion of the total i hloriiie is combined 
with potassium, and sometimes quite a quantity of calcium chloride is 
present. It may be estimated volumctrienlly by a standanl solution of 
silver nitrate (sec AiipetirlU), using as an indicator neutral potassic 
chiTimatc. Nitrate ot silver iu presence of potassic chromate and alkaline 
chlorides (whan the solution is neutral) first uses up or decomposes all the 
f Slilorides, and then attacks the chromates, f.'hloride of silver being white, 
and chromate of silver Imiiig red, the formation of silver chromate is 
indicateil immediately hy a red colour. At least 100 e.e. of ordinary water 
(or, if grains are worked with, 140 grains) arc to be taken for the deter- 
' inination of chlorine. With much-polluted waters, with those near the sea¬ 
shore or other places iu which the ground is impregnated with salt, such a 
quantity may be inconvenient, and it will lie necessary then to dilute with 
distilled Water, taking ot the ■diluted liquid a known quantity. In any 
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<v»sf, the wiiWr is put juP> vilher u wJiitc dish or a heuker 

Ntaudiu}< tin a vhite slali. 1 c.a. the ehroinuto solutidu (or 15 grains) is ^ 
lulded in the ^\aler, and the Htandaid solution run in from a graduated 
hiircttc or pijM'tle. 

Till't.\ar,t tenoinution of the process is host observed through a glass 
cell, in whieh a little pie ehroniato Hulutiou has been placed. Siuee the 
eye, hsikiiu; tluis througli yellow light, is very sensitive to the red mys, 
it may he neerwu'v - osj- eially where groat accuracy is re<jnivcd—to 
repeat (he determination lu tlic following way :—The water from which 
the red colour of the silver chromat(‘ cannot ho discharged by stirring, 

IS remlered again whitisl’.-yellow hy tlic cantifius addition of a very dilute 
snluiKin vi commott salt. A fre^^h poriimi of water is titrated in a fresh 
di^h or lieaker, side i)y side with tin; former: in this way the first 
jMTiijaticnt ditl’erene.e of colonr can he observed. The results may he 
expnwtHl in chlorine as chlorides, «>»' it may la* •* n-turned as common H;dt; 
for the latter purpose nndii)'ly the eldorino hy the faetor or more 

exaetly hy l‘0l7Sf'. Tl»e following short table may faeiiitate ealcu- 
latiou - 


Chhitine. 



Soiluiin 

i' 

I'lilS 

{>’ 

ji'ssy 

U’ 


7- 

II ;W 


r'.'ii 1 


i:; iHi 

{■ 

i 

0* 

ifsr?2 

5" 

S-lilU i 

10- 



lu a general laboratory it may he nxjre convenient to estimate -lilorino 
hy Volhard's meilmil,* hoeause tl»e sohUmiw are in that c;use applioahje 
to the delermination of the iuvlogcus in aeid solutions, in which they 
have hitherto been estimated hy weight. 

For ordinary purposes the solution of silver nitrate sliould lie deci* 
normal tthat is, 17 gnus, jwr litre), but for watm* analysis the strength 
gi\en in the Appendix is miM conxenient. 

lleside the silver solution, arc rcijuircd—(1) A solution of ammonium 
sulphoeyunide; (’J) strong nitric acid whieh iia.s been boiled; (3) a 
saturated solnlion <»f ferric alum. The sulphocvauide solution is diluted 
so that lu c.e. sliall exaetly expial 10 c.c. of tlie sdver. 

This is easily etl’eeted a.s follows10 c.c. of the silver solidion, acidifietl 
with nitric aeid, are run into a beaker, and a drop of the iron-alum 
solution n<hU^l; the sulphocyanide solution is now run in from a burette 
until a single drop gives a lod (a^lour; the number of c.C3. used is noted, 
and the sulphoi'v.mide diluted accordingly. 

The titration of the chlorides in xvater is done on similar piiiiciplcs; 
an excess of siUer vdution is added to 100 e.c. of water, the mixture 
well shnkom and a few drop.>: of alum solution added, aiei tlu-n the excess 
of silver sohitioti dvU*rmiiu‘d hy carefully running in the stdphocyauide 
untd the red colour denotes the end (*f tlic reaction. 

has nphvld tUo tliw>ry, tliat goitre is causftd by waUrs 
insiithvivntly iojliwU —a proiH^idoa which catmot be cousidi-ved ))roved. However, 
although M. Ciwtiu fuilou to c>>nviiicu tho woilU oi the truth of Ins theory, 

h(> has done good service in showing how oiisy the detection and estimathm of iodine in 
water rc.-vlly w. and in dernMnstrcvling the fact that mmi waters contain it in approdsible 

* “On the K.slimAtiou of the ll^logt‘n^,*’ by A. IVny SniitU. Anatfist, Jan., 18Stf» 
Liebig’s Annal'^n, cxc. g4. 

•* Mend,, t, XXXV., xxxix. 
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quantity. Tin; M. CliuUn umj<J in liis iff-wi-hes wiw: To evaiiorat*) one 

.or two litn-s of llio wattr to dryui‘.'>s with puiv jKilawo oarluuiato, t(» ralciue very 
nnKioratoIv tluK dry rv.sidtn-, and then to exlraol wiili sh-ong alcolml <»!’ per omit. 
Tills ulooliolic Holiirion is again evtt]H>r!Ui*il to (irvnrss, and moderaUdy calcined ; tho 
last ivsiduc is disMiIvcd in a vcit litilc water, and wdl diow all tho r<'iiction.s ot‘ potiissio 
imlide. It i.s colorinictnc.illv estimaUd hy |mll;uliiini. A solut.i<in of chlorido of 
iwlladimii gives a distinct colour with an inrnjitisimal (piantity of iinline ; hence it is 
only iim'ssary to liave a standard solutjctn of pohussh* imiide, containing say 1 niitligraiiinin 
in JOO 0 . 0 ., and to e8t.inialc it pm-isely on the same prim-iplcs us detailed (p«Ad; for 
ainnnmia. Mr. Marehaiid.’ puisniiig the same line of rcsi*aridjes, has jirefi nvd to pn*- 
eipifah- from ten to twenty litres with titfraU' of silver, eoll-et the piveipilnte which 
mav eoiifaiin tlie eliloride, iotlide and bromele of silver, .uid dissolve it in sinlic liy|Ko 
Milplnie. The silver is now thrown out ol this s-»lntion hy sulphnnittod hydi‘'*goii, and 
the s.ilntion, when freed from .silver sulphide, e\a|)*>ial>'<l to dryness with a little livdro* 
put.iNsie earboiiaie. In tliih way he obtains tho ehlcritie. hroiutdi:, and iodide of 
{«»tjis>mni. When ih«> residm* is ]H*i'fei'tly 'Iry, it is exlraeleil with strong alcohol of 

p‘i (•■•III . tlie aleoholit; liquid i.s evapoluted to dryness at a tmuperatinv not 
exceeding yfi' This last ri'sidno is again taken np by alcohol, and lix^atml siiiiilaily . 
to the ]io*jiss|c ioilido otiUiiiwd by tHiatinV inethocl. 

11, P/ii>s/tliaff'tf,—T\u' roHuliio siftaT ignition is troated with h very littlo 
nitno acid, and ovapointtfd to dryiioss; this tn-atnifiit renders the siUea 
insolnhlo. It is now again dissolvml in a few ilrojm of nitric acid, soiiifi 
water addeil, and liltered tlirongli an cxlniusted tiller. If the llltratc 
is more than 5 c.e., it should In* concontrated to a smaller hulk, tutd 
its own volume of the molyl>die solution (se<‘ Ap/x'mh'.i') added. The 
sulytion tlni.s treated, and gently warmed, giv(‘s a more or less deep 
enlonr or a deeidefi precipitate, acconling to tlie umomit of phosphoric 
acid niv‘<cnt. It may he estimated eolorimetricuily hy a ktiown Kolntion 
<»f hodie ph•.^phuLl^ lull this witli no great accuracy. 'I’o make a gravi- 
luetiic I’stimation of phrmphutes, save in [Killuted watcj-s, may rwpiiro 
several nires, and will seldom repay the tnjuhle. Ilemo plvmphutes may 
Im? relumed in a qualitative manner as Unu'i%^ witli a fe»hle colour; 
^<b‘<-hhi nvUnee' with a darker eoloiir, and as *vftfimuhle amount^ if 
there should Ik 5 a precipitate. The Analyst t.'oinmitteo have adopted 
^trares,' 'hmrii and * n^nj hmvff frures/ as expressing three 

dcgri'CB of pliosphate contimination. Sueli [dirases arc convetiieni, though 
somewhat paiadoxical, and the authors therefore prefer the more logical 
form of expression given uliove. 

1. Estimatioji of NUrntfW awl Nifntex .—Tlie sevcml meth<Kj8 in iwo 
for the estimatioii of nitrates and nitritos (see also ant{\ p. 519) maybe 
arranged niuler tlie following head^:— 

(1.) Colonmetric njethfsja of estiiDathm. 

(il.) Estimation of nitrates by eotnersion of the nitrate into ammonia. 

(3.) Estimation of nitrates hy decompo'iing the nitrate into nitric oxide, 
and mea.suring the gas. 

(4.) Indirect estimation hy means of iniiigo. 

(5.) Estimation by the delicieney of hydrogen evolved from tho action 
of sulphuric acid on iron |)ow(ler. 

' (1.) Coloi'inwiric Method* —(a.) Thi- lirunne. Method -^—1 grm. of 

brucine is dissolved in 100 c.c. of alcohol; 10 c.c. of the water are 
evapomted to dryness; and'from 0*5 to 2 e.c. of the brucine Koliition 
added to the residue and six dro[>s of a salumted solution of oxalic acid. 
The colour must be a bright rod; if it be brown, an insufficient quantity 
of brucine has been added; if pink, too lax^ge a quantity has Iwen added. ■ 
So it is }x»t (in waters of unknown nitric content) to put three or four 
^ Comjft. Heitd.., xxxv. * See a paper by J. Kaigbt, Analyitf 1881, 
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s(;|)ai-iito 10 {'..c. in porciiliiin disln's iiud to ovaporatc tlioin down with 
varioiiH (inantitics of tlio tirnoiiic solution (siicti us O il c.e. ; I'O c.<'. ; l’.^ 
c.o. ; and 2 and to niako any (|uantitaliv() detpniiinatioii on tliat 

wliic.li has tlip jiropor rod oolour. I'lip colour is ijiiitalod hy a standard 
tesiriiiado by evaporating 10 c.o, of a solution containing 72'1 nigrnis. of 
potiOisic nitrate per 100 c.c aitii :i o.e. of brucine solution and six dix)ps 
of the oxalic acid solution, and ililuting up to 100. This test solution 
is <lilut<‘d, if nece.ssary. The original water treated in the same niannor 
may, aftiu' e\.ip .rating and diluting, reipiire (iltration. 

(!. Lunge and A. Jaxofl'i do not oxapoiato to dryness, but apply the tost 
to the water direct; tlicy acidify with sidiihuric acid, and the contents arc 
heated to botwei'ii 70" and SO" (I until the ]i<|uid assumes a permanent 
greeni.'.h yellow ; then this colour is iinilatod by a standard solution. They 
find that nitrites do not inteiTere. 

(h.) 77/e />iiilii‘/i!/laiiihif' Mt'lhdil,—A soluli/ni of 'iiphenylamine snipliate 
strongly /leidiiied with sulphuric acid strikes a Idue colour with nitrates, 
'riiis ecdour can bo indtated by /i shindard solulnai of infrato, and the 
nitr:ites be thus estimat/si on eoloriinetrio principles. 

'I'his te.st is also well suited for (piantilativo speetro.soojiy. 

Hans Settegiirt-has worked out the al)sorj)tion factors of diphenylandiic 
ns iip|.lied to small ipiantilies of nitiates. Ile<lucing his notation to wave¬ 
lengths, the following are his chief results : — 
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The values iire correct for solutions containing nitric acid from 4'0 to 
0-1 per 10,000. The dipheuylaminc must be in OT per cent, solution, 
and, of courre, the sul)>huric aeiil must be free fi'oin nitric or nitrous acids. 

(c.) 'J’lic Ciirha.y>l Ttvf .—Samuel C. Hooker* lias iiroposcd carbazo’. as 
a test for nitr.ates; it girl's a green colour with o.xidisiug agents. The 
I'bjections to its use arc that chlorine and iion have to be first removed, 
and that the jiresence of much organic m.atter makes the results too low. 
Assuming that the water has been freed from chlorine by silver sulphate 
and contains no iron, then two c.e. of a sulphuric acid solution of carbtizol 
arc iiddod, and the resulting green colour imitated by means of a solution 
of jxitassic nitrate. 

(4.) I’/icmil and UeMiirmt/l. —D. Ijndo'^haa e.vpcrimented with phenol 
in alcohol as well as with resorcinol. A '0005 per cent, solution of NjOj 

1 Zfit. tiutjcir. Cficin., tStl-t, 545-350. 

lii-ilrngo zur quantitativen Sjieotral-aimlyse. Annaten der 1‘hmik, u. Cliemie. 
Bd. Vit., 1879. 

* Analytl, Sept.. 1889. Chem. A’em, Iviii 1-8,15-17, 28-29. 
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yields ii faint pink band, green below, witli a 10 per cent, solution of plienol 
in weak alcohol; if O o e.c. of the solntion bo mixed with a single drop of 
the tost in e, test-tube, and then d c.e. of sulphuric acid run down the tube 
so as (0 form bands of coloui', t,, in the j)ro])ortion of one 2,()00th, gives 
veiy inton.se green an<i rod bands, 

I’hc'iiol is also a good to.st for nitrates in the pre.sonce of free hydro¬ 
chloric acid. 

llesoreiiiol, in !i per cent, solution, is a good test for nitrites, so small a 
i|ii,antity as 1 in 500,0(10 giving (after standing foui hours) a pink oolour 
if aciddiod with sulphuric acid. One in iO,0uii gives a ])ink colour at once, 
loibdcs, broniido.s, and very largo quantitie.s of chlorides interforo with tho.se 
tests, and must bo removed by silver sulphate. 

Iloth the abii\o .are arlapted for quantitative colour estimation. 

(2.) Kif/iiiii/ioii (in —A eonvonient nietluKl of obhiining tin! 

nitiogo'i of nitrites and nitrates in the form of ammoni.a is decidedly by 
the aid of the ‘copjier-zine coiqilo.’ The results are, however, of no value 
unh'ss .all the processes are Ciirriod out with exlrenio care. This motlnsl 
was lirst projK»s(j(l by (Jladstono and 'I'ribe, iunl afti rwiirds worked out in 
detiiii by M. Whithy Williams.' It ajipi'ars that the copper zine couple 
decomposes nitrates first into nitrites, and then the nitrites into ammonia; 
niti'itos are present to the la-st, and when all the nitrites have disap])eared, 
it is certain the conversion into ammonia is eonqiletc. A low temiierat lire, 
alt^dies, alkaline earths and their carbonates, retard the reaction, while 
carbii'i dioxide, mineral acids, oxalic, phosphoric anil generally all acids and 
eomniigi salt, as well as elevation of temperature, increase the reaction. In 
pract ice, a temperature of 21" ('. is recommended as easily athainalile. 

Mai'itfoi'inro of the (.'n/iyicr-Ziwi’ Couple .—Pieces of clean zinc-foil, about 
ineh.’s by 2 inches, are immersed in a 3 jier cent, solutiqn of cupric 
suljihate; the zinc rapidly becomes coated with metallic copper. When a 
Buflicient coating is obtained, the solution is poured off, and the couple well 
Mashed with water, iinidly drained, and the water for ••uialysis poured on to 
the couple. It is best to do these processes in one and the .same stoppered 
bottle. The water may nearly fill the bottle, and the stopper may be 
inserted, for there will be no gas evolved until the nitrates are entirely 
decomposed. I'hc water thus treated is put in a warm place, and if the 
action is idlowed to go on all night, the ammonia will bo ready for estima¬ 
tion in ill" morning. The quantity to be taken for the estimation ol 
nitrato.s according to this jilau may bo a quarter of a litre, or, if Knglish 
measui'es are used, say fi ounces. To very Inuxl waters the .addition of a 
little oxalic acid is recommended. In any case where there is doubt whether 
the conversion into ammonia is complete, one of the tests (page 619), 
slioiild be used; and it there is evidence of idtrous acid, the water must bo 
left for a longer period. If the water {wssesses colour interfering with, 
or matters precipitated by, Nes^ler’s reagent, it must be distilled in the 
ordinary Way, and the ammonia estimated in a fractional part of the 
niTiclwiilutea distillate. In most cases this is unnecessary, and by taking a 
measured quantity of the water and diluting it considerably, a fairly correct 
eolorimetrie estimation c».i be made by the direct aildition of the Nesslcr 
reagent to the water thus diluted. It will be necc*s,sary to subtract 
from the amount of ammonia found, that which has boon determined to 
e.\ist in ho water as ammonia. The ammonia derived from nitrates and 
nitrites must be expressed cither as nitrogen or as lutric acid. 

* Journal of Chemical JSoeiely, Marsh, 1881. 
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retort, which is fitted in an air-ti^ht manner to a condenser, terminating in 
a flask as in the armngemont figured at page 387, An equal quantity 
of the soda solution is added, and the wliolc boiled until free from ainmonia ; 
the retort is cooled, and the almniuiutn-foil dropped into the liquid; the 
whole is left over-uight, and in the morning heat is applied to the retort, 
and tlio ammonia distilled over, and estimated in the usual way. 

UhdCtt Method of KMutdioii of Niln>' And hy Reduction to Ammonia.^ 
—Half a litre of the water is concentrated down to 15 c.c.; this is trans¬ 
ferred to a flask of about 300 o.c. capacity, 5 grms. of reduced iron (FtTmm 
i'f'dar’tuiu) ad<lod, and 10 c.c. of diluted suliihurjc acid, specific gravity l’3r). 
Th<' liquid is headed to gentle boiling for some five or ten minutes, diluted witl) 
100 c.c. of distilled water, alkalised by from 20 to 25 c.c. of soda lyo (fipccific 
gravity 1*35), :m<l distilled into 25 to 30 c.c. of d. n. acid; the diflerenco 
in the titre of the d. n. acid, before and after tlie distillation, gives the data 
for measuring the nitric acid ctinvcrted itito ammonia. A correction by 
blank cxi>oriincnts should he made for impurities in the reagents. 

-ITulf tt litre of \\uter was treated in the way dfS(!iibo(l; and distilltHl, 
nflan- lifiiig tiiado alkaliiiu, into 30 c.c. of d. n. acid ; at tlio (mkI of the operation, the 
sudd Used, instead of 30, 14 c.c. of d. ii. sofla, ll-SOrrltj, wliich 16 of d. n. sodo i« 
(‘Xiictly equivalent to 16 c.c. of d. n. suljdiiiric mud w'liicli have boon nontralisod by 
atiiinohia. Since 1 c.c. of i n. acid is equal to 6'4 itignns. <if nitric anhydride (N.^Oa); 
lGx.^)*i = 86*4 mgrins. ; houcc the litre contained twice tliat aiiiuunt, or 172*8 ingnns. 
[12*1 gruiiiH pcrgalloii], 

*(3.; FMimatum of Nitrates and Nitrites as Nitric Oxide—Cmin Process, 
—Stropg sulphuric acid acting on nitrates or nitrites in the presence of 
iiiercury, decomposes the nitrates or nitrites, and the whole of the nitrogen 
is evolved in the form of nitric oxide. 

Hall a liti*p of the water ia evaporated to dryness, the nitrates extracted by hot water, 
the hot water oxtiuct cvajKirated down to 1 c.c., and tho liquid tmnsferred to tlie decom¬ 
position tube, which is a short tube about 3 inches long, constricU'd at one end, and 
niriiishc'd with a cup and 8to|K:ock; open at the other, and Laving a boro easily closed 
with tho thumb. 

Tins tube is filled with mercury, inverted, and clamped in u mercury trough with 
the cup upju'iinost; it is now easy to transfer the solution of nitrates by pouring tho 
solution into tho cup, and cautiously (»pcning tlie stopcock. Tho vessel in wliich the 
nitrate has 1>eeu concentrated is thou rinsed into tho cup with pure strong sulphuric acid, 
and ulthuately one and a half times the volume of the ooncentmted nitrate solution of 
strong Kulpluirio acid is worked into the lube by carefully ojwning the stopcock. No air 
must bo alluw^ to gain admittance. Should gas be immediately evolved, it is carbonic 
dioxide, and must be got rid of. ior nitric oxide is not at once evolved. On the mixture of 
Btilphuric acid and nitiato having been transferred into the tube, the lower end is closed 
by the tlmmb, and the tube sliakcn so as to mix up the acid and the mercury, wdicu the 
gas in a short time begins to come off, and considerable }>ra8suro may have to be exerted. 

When the reaction is comtilete, tlie contents are Uansferred to any gas aptiaratus and 
mosisurod, or as the tube itself is now gr.aduated, the simplest method is to plunge tho 
tube into a vessel of distilled water, cool it to tho temperature of tlio water, adjust it so 
that tho level of the water iiisulc and outside the tube is the same, and measuro it diroct. 
The small ab< irption of tho nitric oxide by water requires lj cori'ection. Of course, tho 
of the divisions on the tube must be ascertained with accuracy. 

^ Every two volumes of nitric oxide equals one volume of nitrogen. The weight of the 
nitmgon is obtained from Table LXIX. 

(4.) Schudze-Tiemann Method,' method is based on the fact that a 
strong solution of ferrous chloride in tlio presence of hydn^chlorlc acid 
liberates nitric oxide. The reaction is not interfered with by the presence 

^ Zed. f. a‘iialyt, (Jhemief xxx. 176; xxxi. 8 2, Tiemann-Gartneris HandbyrJ^t 
Braunschweig, 1895. 
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of orj^iinio iiiatler. Tlio .■i])j)ar!itus liitlitirti) used lias neither been cott 
veiiiciit nur eajmblc of oiviii}; results of the highest accuracy, hut bj 
adopting Iho iiiiproveiiiciits suggested by one of the authors, the process is 
now one of the best for the estimation of nitrates. 

A (piartei- of a litre of ordinary water is evaporated nearly to dryness, 
tlie insoluble carbonates liltered off, and the residue washed with hot water, 
'I’he filtrate and washings now contain all the nitrates and nitrites originallj 
pri’seut in the water in a fairly concentrated form. This liipiid is transferred 
to a tubulated flask (see (ig 7'2), closed by a perforated caoutchouc sto])[a“r, 
I’arrving a thistle head funnel, the tubule being connected with a long 
delivery lube jiartly of glas.s and partly of thick walled rubber. The glass 
tube is carried uji well above the barometric height to which mcrcurj 
ascends and llins makes an elhe.ient valve. The tube delivers any gas inU 
a pnoumalic trough, and frmn thence into a suitable measuring apparatus. 

The liquid is first just acidified with hydrochloric acid and boiled tc 
concentrate it still farther and to get rid of any cjirlKMiatcs, the steam 
being allowed to escajie into the air; after boiling a little time the nozzle 
of the dcliv<'ry tube is imserted under the tui )0 jrreviously filled witli 
mercury and tlie boiling continued until air or gas ceases to be evolvrsl 
It is best to bike away the llanio for a minute or so anil thus allow con 
densation and the creation of a vacuum in the flask ; on now applying heat 
any trace of air or eai'bon dio-vide remaining is effectually got rid of, 
Wlien this is the case a hot acid solution of ferrous chloride (made by dis 
solving 15 grins, of feiTous cliloridc in 100 c.c. of hydrochloric acid) it 
added through the funnel, care being taken to allow no bubbles of air tc 
enter the flask. 

The boiling is now continued. Should gas be at once evolved, it is not 
nitric oxide derived from nitrates, but from nitrites, and when this first 
evolution of gas has ceased, the gas should be transferred to the measuring- 
tube e, for the purjiose of estimation; by lowering the pressure tube d, 
and opening the two-way stopcock so as to allow a communication between 
li and e, the gas can be ilrawn over without the water, which has exindensed 
from the steam and has collected at the top of />. The nitric oxide is not 
evoh’od from nitrates until the solution is quite eonocntnxted. The last 
tiiice of the gas is obtained by allowing the flask to cool for a few minutes 
thus producing a strong vacuum. (.)n reboiling, the gas is obtain 
without diflieuity, and, ultimately, the steam issuing from the flask mak 
the peculiar metallie click which is a sign of freedom from gas. 

The measurement of the gas is made in the usual way. After 
correction to normal temperature and pressure, 4'1 c.c. of NO gas cqualc 
10 lugrms. of nitric anhydride, N„Of,. 

(5.) Iniliiji) Prorem .—This process is based on the dccolorisation ol 
indigo when nitrates or nitrites arc decomposed by strong sulphuric acid. 

When certain kinds of organic matter jire present, the results are 
entirely without value. On the other hand, with careful working the test 
is correct with the great majority' of waters, and as a means of rapiS'; 
determining the nitrates in unknown samjde.s, with a view to their deter¬ 
mination by other more exact processes, it is very useful. Four nigrms. ol 
sublimed iudigotiu arc digested for some hours with five times their weight 
of Nordhausen oil of vitriol; the liciuid is diluted with water, filtered, and 
brought to the volume of 2 litres.' A normal nitre solution is made by 

‘ See 'Waringtoii’s excellent jiapor, Jmtm. CItemical Hocielg, Sept. 1879, p. 679, 
sUo, Frauklaud’o Water Analysis, p. 31. 
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dissolving 1-Oil grm. of pure potassio nitrate in 1 litre of water. From 
^ this solution, solutions of J, J, -j’,, and normal are jircparod. An 
assay is now made by mixing, s.aj' 20 c.e. of I,he uiti'o solution with any 
amount of the indigo solution deemed suflioient, in a wiilo-niouthod flask 
of l.'iO c.e. capacity. Oil of vitriol is run into a test-tube, the volnnie 
being equal to the united volumes of the indigo and nit.rc'. The eontents 
of the test-tube arc then suddenly tip])ed into the flask, aial the flask 
tra.nsferrod to a ehloride of calcium bath maintained at MO” C. If the 
stduTion of indigo is insnflicient, the lifjuid will be suddenly decolorised; 
if it is too much, no bleaching will take ])l.ace, the liipiid still retaining its 
blue colour. In either case a fresh determination will be ro(|uisite, and by 
iloubling or h.alving the amount of indigo for the next experiment, as the 
case may be, the operator will soon find the limits, and five or six exiH-ri- 
incuts will st.'indiii'diso the solution. Tii every instance a iiiiaiitity of 
suljdniric acid, equal to the united volumes of indigo and water, niiist be 
used ; the indigo solution should be diluted so as to bo about equal to the 
nitre solution. As it is found that the (piantity of indigo consumed is not 
pnicisely in jiroportion to the nitric acid jnesent, but diminishes as the 
nitrate solution becoTiies more dilute, the further stanilardising of the 
indigo solution by the more dilute solutions of nitre already alluded to is 
necessary. The results may be thrown into a table as follows. (See 
Table lAV.). 


TAIJLK TjXV.—Vamik oy Isnioo, in Nituoof.n, fou Diffkkknt 
Stiihsotiis of Nituh .Soi.uiion. 
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The method of using the table is suffici''uily obvious to those who are 
accustomed to calculations of the kind ; supposing, for example, 20 c.c. of 
the water used up 6'64 c.c. of the indigo; this is -5 c.c. above the nearest 
her in the table, viz., 6’14. Now, tiikiiig the extreme right-hand 
^Jpkimn, the difference for the nitrogen values of 1 c.c. will bo found; and 
as there is in this case a difference of only half that quantity, halving the 
number gives us '000000! ’ 6; this number has to be subtracted from the 
unit value of nitrogen found in the first column, thus:— 

■0000.3.5627 - '000000115= '000036512, 

which is the nitrogen-value of each c.c. of the indigo. Hence, as we have 
supposed that 20 c.c. of the water decolorised 6'64 c.c. of indigo, the 
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iiitroi'fiii as nitric acid in jiarts per 100,000 is I'lTO, or in grains per gallon 

grain. If the indigo estimation of nitrio acid is only a prclimiuaiy 
step to a fnrtlicr and more exact determination of the (h'un) method, these 
refinements are not necessiiry. The Indigo solnlioii is standardised once 
for all hy the normal solution of nitre, and if the nitrates arc either very 
large or s'ory small, an allowance is made. 

(fi.) Ulsr/i’it MhHhhI nf Kfliiiidiinij KUnc Acid' hi/ Mcaxiintit/ the 
Ihjicii'ucij nj tlijilnifjicn evolved on Itediirtiim- -Oni! of Ulsch’s metluKls has 
heen alrciuly detailed. This method is in its ))rinciple an indirect one, for 
what is nK'asurcd is not th(! ammonia produced, hut the deficiency in the 
evolution of hydrogen. 

A ipiarter of a litre of water is evaporated down to l.'i c.c. and, while . 
still hoi, tiitered. The filter is wiished with a little boiling water into a 
stnall measuring flask, the size depending on the amount of nitmte pre.sent, 
which can he apjiroximatidy asectiained hy a hrueiue or othei' colour test; 

.'iO c.c. is the cajuicity for most waters—viz., those containing under l.hO 
mgrms. ol'N._,(h, per litre; larger flasks are used for larger (juantitics. The 
collective (luid with wasldngs shendd not he more, fora .fiO c.c. flask, than 
40 c.c. The flask is cooled to the temperature of the room, .and sutfieieut 
normal sulphuric acid .added to make the contents equal to J mjrmal when 
watiir is added f.o fill the flask to the mark on the neck. This fluid is the 
‘testing fluid,’ of which 10 c.c. are taken for the estimation of nitric acid. 

In a thin walled flask, a (fig. 73) the hidh of which is ecjuiil to about, 30 
C.C., ;i grins, of iron powder (Femtm puhvratmii) arc placed hy means of 
a dry funnel. The flask is e.lo.sofl by a caoutchouc stopper containing 
three holes; one of which c.arries the twice bent 3 mm. wide tube, h, the 
one end of which goes almost to the bottom of the flask, the other end is 
connected by means of a bit of rubber tubing to a short piece of glass 
tubing-~the rubber is supplied with a screw clip. The middle hole of the 
caoutchouc sto]>jHir carries the funnel, c, which is provided with a stop¬ 
cock ; the end of the stem of the funnel is bent slightly, so that fluiiis 
will run down the utek of the flask. The thiivl hole carries a right-angleil 
tube, connected by narrow' rubber tubing, to the gas-measuring apjiaratus. 
This consists of a burette,/, divided into tenths of a c.c., the upper end of 
which is provided by a H-tnbe, B, and the lower end connected by rubber 
tubing to the spherical funnel, ;/. 

The first o])eration is to fill the whole system with hydrogen, water is 
[Mured into g, the stoiicock at e opened, and the funnel raised until the 
whole of / is filh'd up to the 8to[icock. Into the funnel, c, are pourci 12 
0 . 0 . of dilute sulphuric acid (33 c.c. strong sulphuric acid to a litre of 
water) and some 10 o.c. of it allowed to flow on to the iron, by opening the 
stopcock; an evolution of gas commences, and in about two minutes 
ceases. Before it actually ceases the stopcock, e, is closed, and the clip at 
I/. The funnel, g, is lowered as much as possible. Now the rest of tho 
acid is allowed to flow into the flask, .and the funnel washed twice with a 
2 per cent, copper solution, which is also allowed to flow into the flasKyin. 
care being taken not to allow the adndttancc of air. The flask is now '■ 
warmed in a beaker of water at 60" C. for two minutes without shaking; ; 

then the flask is shaken without intcrru[>tion for another two nuiiutos; 
after which the flask is cooled as quickly as possible to tho temperature of 
the air of the room. The funnel, g, is now raised, and the clip on b 
cautiously opened. The fluid contents of the flask, a, are under the 
pressure of the hydrogen forced through I, and may be received in a beaker. 
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If tho twice riglit-angled tube, />, is properly ndj listed, none of the iron 
will escape; the clip is closed \vhile there is still a small column of liquid 
' m the tube. Aft-or thus eiuptyiiij^ the flask, its toiiipeiuturo is adjusted to 
that of tlio air, and the excess of j^as is got rid of by carefully openiiig the 
stopcock at e; while the water level of / and y is adjusted to the zero point 
of the burette, /. ^ 

The apparatus is now really for tho pui'iiose of asci taining once for 
all how imieli hydrogen is devciopisl by 10 c.c, of J normal siilplinric acid 
acting on the iron in the nhnenee of nitric acid. 



Fin. 73. 

From n burette exactly 10 c.c. of the acid are allowed to flow into the 
■miuiel iittaehed to the small flask, a, while i/ is lowered to the level of the 
«Ble; then the acid is allowed to flow slowly into the flask. From a 
second bimotto 10 c.c. ofj^ per cent, copper sulpliatc are added to the 
funnel and transferred to the flask, always avoiding entrance of air. The 
flask is warmed to 60” C., shaken, and fliially cooled exactly as detailed 
previously. The amount of gas, on adjusting the water level of ff to the 
iwator level of/, is read, the temperature of the water in ff being taken, 
and also the height of tho barometer, and the volume of gas reduced to 
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normal tomporiitiirc and i)ressnre—always subtr.actinj' 20 c.c. from the 
known volnnio of the flask, that heing occnpicil by the 20 c.c. of liquid. 
The fla-sk may now be emptied as before, an<l a second or third detormina- ® 
tion made, the mean being taken as the sbindard. 

To estiiiiati' nitric acid the jinssess is precisely the same, save tliat 10 
c.c. of the testing fluid arc taken instead of 10 c.c. of -! normal acid. In 
the presence of nitrates there will be a deficiency in hydrogen, fi-oni which 
the nitric acid can be calculated—the following rea(!tions taking place :— 


•JKNti., + IFJtOj . K.,Kn, +. g\0,ll 
2Xil.,ri + SI\ -- 2X11.. -I 1511.,0 
2NH", + lIjSOj - (X]lj>.,S 04 


or S inolennlcs of hydrogen arc required for the reduction of one molecule 
of nitric acid, besides which, for the decomjKisitiou of an equal molecule of 
nitric acid from its combination with a hase, and the combination of the 
ammonia formed with a farther molecule of suljihuric atdil, 2 molecules of 
hydrogen are required. A nudccwlc of saltjietre then will in respect of a 
normal hydrogen vobime show a deficit <if 10 molecules of hydrogen. A 
deficit of 1 c.c. of hydrogen will, therefore, be equal to ()'90*1IG mgrm. 
KNUj or 0'48;(-l mgrm. nitric auhydri<lo (N/),,). 

An exanqdeof this method may here bo given. 

50 C.C. Ilf test Ihiiil ileiiviiil fniin a quarti'r of a litre of siuiiig water were jirepareil 
aceenliiig to tlie niettied tleserilM.|l in the lest. 10 c.c. of i.lie latter yielilii! as a mean 
Ilf three estimations (suhtnieting the 20 c.c. of fluid in the flask) 20*2 c.c. of hydi». * 1 , 
the liarometer Iieing 741 nmi. (temji. 18^*5), and the corresponding tcnsioa 15‘U ’ ' 
This, rcdiicijd os fnlliiws. 


20*2 X (741 - 15*9) 
(l+ll*OO:!0xlS*.5)x7li0 


18*05 c.c. Ilf liydrogen. 


The normal liydrogen volume in the alisi’uee of a nitrati' was 21 *02 o.c. ; the hydrogen * 
defieit is, thereforo, 21 *02 - 18*05.- 8*57 c.c, 

:i*57 X 0*4833 = 1*725 mgrm. of nitric acid in 50 0.0. of water; thenfiire (a litre) 
contains 


y7jp xJJtM 
50 


34*5 mgiins. (NoO,). 


The process is made inaccurate by the presi'iice. of ii*on or carlionatcs. The carbonatos 
of the earths as well as any iron air, however, liy evaporating to a small volumo ' 
desorilH'd, fully siqiaraleil. Should alkaline carbonates bo presint a little gypsum itu 
be added to the water iH'fore evapomtion. 

.Small quantities of nitriti's introduce no material ciTor; in the presence, of much 
nitrile advanlagi' is tiikeu of tho fact that the iron copper coiqile ri’duces nitrites in the 
cold. The teat fluid is, tlicrcfiire, fin'd from nitritia by digesting the test fluid with 
oiqiper solution and iron in the cold, A correction may also be made by estimating tho 
uitnti's by one of the colour tests for nitrites already described.* 

(7.) Estimation of the Dissolved (h-yyen in Wafer .—The amount of air 
dissolved in water is dependent on teiiqierature and pressure, tho amounb 
of oxygon in the air of pure water having a mean value of 34*91 per oenja 
The follow’ing table gives the absorjition coeflicient of air in w*ater.; au^ 
also the amount in c.c. of oxygen that a litre of w*ater will dissolve. XAj 
oxygon, in what may be called the w*ater atmosphere, is diminished by tho 

* Nitrites may also bo cstimati'd by Picciiii’s method, which dcjiends upon the fact 
that if a solution of nitrite is treated with urea, and thoroughly acidified with sniphnric 
acid and gently licnfi*d, all the nitrogen of the nitrite is eviuveil as gas. The acidifica¬ 
tion must take place in a vacuum, or. at all events, atmospheric air must be. excluded, 
othci'wiKC the ivaction is not quantitative, soniii of the nitrite (lassing into nitrate. 
Nitrites may be also estimated by titration with potassic jienuanganatii. 
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activity of micro-orgaiiiHms; hence its detemination is valuable. It is 
especially useful in the investigation of the jKilhited water of a river, par¬ 
ticularly it determinations of o.xygeu are made on the spot. On the other 
hand, water sent from a distance to an analyst, and probably one or two 
days on the road, cannot liave its dissolved oxygon directly determined 
with advantage. The senior writer, in such a case, proceeds as follows:— 
Half a litre of the water is sliahim up in a large Winchester quart until 
satunited with air; the dissolved o.xygen is determined in half of this— 
th.at is, I of a litre ; the other \ of the litre is put on one side, a layer of 
xylene having been poured on the surface of the water to exclude air, and 
a.gain titrated for oxygen at the end of forty-eight hours; the difference 
will have a direct relation to the organic matter and miciu-organiams in 
the water. This method may bo Cidled “the dilferential method of estima¬ 
ting oxygen in water.” 


TAllIjK bXVI.—SiiowiNfi TiiK Absokption ConFFieiF.NT OF Aik Dihsoi.vko is 
W Vi KK ANJI TIIF. e.e.’s OF OxVOF.N Wllieil MAY IlK OitTAINKlI FROM 1 blTUK 
OF Wai'I'.k (afthu Uun.skn).’ 


Temp. 

Absorption 'Toelficiont of 
Air iliHH Ivetl in WaUir 
(e.c. of AirdisKolvoU in 

1 e.c. ol \N uUt). 

'I'lic Number of c.<*. of 
0\yK<m wllieil 1 JAtre nf 
Water will disAoIve. 

0 

0-02171 

8 ■03 

1 

0*02 lor, 

8-34 

2 

0-02:11.5 

8*19 

3 

0-02287 

7-os 

4 

0*02237 

7-80 

r> 

0-02179 

7-00 

G 

0-02T28 

7-i:i 

7 

0-02080 

7-26 

8 

0*02031 

7*10 

9 

0-01992 

G*9& 

10 

0-011^.3 

6-81 

n 

0-01910 

C-69 

12 

0*01882 

6-57 

13 

0-018.'')! 

O'iO 

14 

0-01822 

6-30 

15 

0-01795 

6-26 

16 

0-01771 

6*18 

17 

0-0175e 

6-11 

18 

0-01732 

6*0.') 

19 

0-01717 

5-99 

20 

0-01704 

f>-95 


l*rousse and Tiemann have arranged a convenient apparatus, by means 
of which the dissolved air is boiled out of water into soda lye, wliich has 
been completely deprived of its gases by boiling. The oxygen in the collected 
gag, is determined either by exploding with hydrogen or by absorbing it 
#uh alkaline pyrogallate. 

Schutzonberger and Risler cause the dissolved oxygen to act on sodium 

acmmehisdic MMudm, 2n<l Edit., p. 887. Winkler has also imblished values for 
the amount of oxygon disHolvod in water ; hia numbers closely correspond to those of 
Bunsen’s for tem|>eratures 16“ to 20“ C., but ore more tlion 1 o.c. liigher for lower tempera¬ 
tures. 





.'534 ‘ Kk>i)fff- 

indigo-wliitc-diaulplionate in cxceaa, and change a |)ortion into sodium 
iiidigo-blne-disulphonate, tlius— 

(;,„H,„NA(S0;,Na)., + 0a=C,„H„N,,0.iS03Na\. + H„0. 

Tlui salt is changed hack again by a titrated solution of sodium hydro- 
Hiilphit(“, acc,or<ling to the equation— 

(;,„U„Ns,0.iSO,Nab+If„-n,„U,„N.A(SO,Na),, 

the cikI of the reaction being sharply indieuted by the change of colour 
from bloc to yellow. 

Hoth the abov(> pn)ces8es and their various modifications demand more 
or less comjilieated ajiparatus, and are not adapted for estimations on the 
banks of streams or anywhere else, save in a laboratory; the writei-s, there¬ 
fore, jirefer a imxlifieation of Winkler’s mcthixl; it hajj great accuiucy, and 
may be performed almost anywhere. 

The essential fact on which Winkler’s method is basefl is that manganese 
hydrate absorbs oxygen ; a third hyilro.xyl being added in the presence of 
oxygen and water to the two hydroxyls in manganese hydrate—that is to 
say, Mn(()H)2 become Mn(OTI),,. This last hydrate, by excess of IICl, is 
transformed into manganese trichloride, two molecules of which react with 
two molcenles of potwsiiiiii iodide, setting free two atoms of iodine; so 
that for every 16 parts of oxygen 254 parts of iodine are set free; the 
iodine set free is, therefore, titrated and converted by calculation into 
oxygen. I'lie eipiations setting forth the general reactions ar^ as 
follows;— 

2MiiCl.j + 4NaHO = 4Nii01 + 2Mii(OH).. 

2Mii(OH).. + 0 + H.,0 = 2Mn(OIT)., 

2MiuOH);, 4 eiici = L',\iii(;b + 0140 

aMiiCij 4 2KI = eMnCt, + 2KU1 + 2l 

The following,solutions are required ;— 

(1.) 10 gnus. ]iotassium iodide dissolved in 100 grins, of 33 per cent, 
pure soda solution. 

(2;) Solution of SO per cent, manganous chloride (free from iron).* 

(3 ) Hydrochloric acid (specific gravity 1T6 to 1"18). 

(4.) Starch solution. 

(5.) Solution of thiosul)ihatc—the iodine value of which is known ; each 
c.c. should be equivalent to a centinormal iodine solution—that 
is to say, 0’000127 I; 

The temperature of the water and the height of the barometer being 
first ascertained, 260 c.c. of the water are covered with xylene to the depth of 
an inch, and 1 c.c. of the alkaline iodide solution is allowed to flow in 
through a pipette, the end of the pipette being held below the xylene; next 
1 0.0. of the inaugauous chloride solution is allowed to flow in. The 
mixture is stirred with a glass rod until the contents are completely mixed 
and the flask put on one side for a little time. Then 3 to 6 o.c. of hycR's,;^ 
chloric acid are added ; the precipitate dissolves, and the iodine is set free; j 
this is titrated by the thiosulphate, using as an indicator starch. If the j 
thiosulphate is equal to centmormal iodine solution, each c.c. equals'I 
0-0000798 gim. oxygen, or 0-0568326 c.c. oxygen; if the o.cs. of water 

> Tlip siilution may be freed from iron by boiling and precipitating with soda; the 
tiltrato is aridiiled with IICl, evaporated to a syrup, and then crystallised. 
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used = V, the c.c. of thiosiilpliate = n, then the content of oxygen in a 
litre of water is obtained by the following calenlatioii:— 

0-055825 u y. 1000 
V 


Tlio number thus obtained must, of course, be reduced to standard 
pressure and toinpcnvtnre. A reference to the table on 533 will show 
whether (at the teinpcratnre of the experhnent) the water is below the 
standard or not. 

A eorreetion is usually necessary for most waters, especially those that 
contain nitrates, organic matter, and other impui-ities. For this purpose 
1 c.c. of the manganous ehluri<Ie solution is mixed with half a litre of 
distillefl water, alUalised with 1 c.c. of a 33 percent, solution, shaken, and 
the brown precipitate collected on a small iilter. The precipitate is dis¬ 
solved in hydrochloric acid, and the sobilion diluted to half a litre. Two 
separate imrtions (each 100 c.c.) of this solution are taken, and mixed, 
the one with 100 c.c. of distilksd water, the other with the water to be 
tested. After a few minutes, a few crystals of jwtassium iodide arc added 
to both mixtures, and the iodine separated from each estimated by titration. 
The diflerence of the values equals the amount to be added. In waters 
of this kind the titration of oxygen is boat done by adding the man¬ 
ganese chloride solution and simply 33 per cent, soda lye, the potassium 
iodid| being finally added in crystals; the following is an example:— 

2fi0 c.c. of the wiiU'i- of the river Exc just below Exeter, at 15° G. inid IfiOnim., 
treated aietlioil stated, sot fm; io<liiie equal to 12 c.c. of ceiitiiioeaial thiosulphate. 

The eoiroction was ol'taiued by mixing 100 e.c. of the luiiugiuioas die.iiloride solution 
with 11)0 e.e. ,if distilhsl waUir, and by treating 100 c.c. of tlie river water in the same 
way, adding to eacti pot.issium io<lide, and titrating tiie iodino set free. The distilled 
water gave 7 c.e., the river water 4 c.e. ; the dilferenco is, tliei-eOm-, 3 Hence, 
tlio content of oxygen at 15° C. of a lih-e of Exo water is 

(12-i-3) x0-0.55825xl000 _^.,r,,, „ ^ 

250 


For most practical pur|)oses it is not necessary to reduce the c.c. of oxygen thus 
found to normal tenijioratiiro and ])resaure ; hence, iu such a ease as the above, it would 
suffice t" roimrt that tire water contained 3'35 c.c. oxygen at 1.5" C., or about half the 
normal quantity, 

Kideal and .Stewart' have leoeutly projiosisi to destroy nitrites and organic matter 
by adding enough-^ acid jKinnanganate to tlio wabir to give a faint iiiiik colour after 

standing 10 minutes. "I c.c. more than the right .amount of permanganate ascertained 
by experiment is introduced into the liottlo together with 1 c.c. of strong IlgSO^; the 
water is Uicii added, and the excess of permanganate i-emoved by adding ^ c.c. of a 2 
per cent, solution of neutml potusaiura oxalate; tlic estimation is then made in the 
ordinary way. A laiger projairtion of soda is roquiii-d to lialance the sulphuric acid 
added. 

Kamsay and Homfray" have devised the following process:—The water (in a tube) 
is introduced into a sjiecial form of oolorinieter," contact with the air being prevented by 
..a layer of paraffin oil. The comparison tube is filled with water saturated with oxygen 
known temperatnre. liuth tubes are treated with the same quantity of ouproua 
Tmoride dissolved in HGl just Iwfore use; an excess of ammonia is then added. After 
^ short time the colours are compared and the usual calculations made. 

(8.) Sulphates .—Any convenient ipiantity of the water, carefully meas- 

■ Analyst, June, 1801. ° J. Soc, Clufm. lad., 1901, 20, 

, • This colorimeter can be obtained from Messrs. Townson and Meroer, Bishopsgate 
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urod, iH acidified with hydrocliloric acid, and heated nearly to boiling; 
while hot, Koiiie solution of chloride of hiirium is added, so as to be in 
slight (ixeess, and the solution kcjjl, near the boiling point for some time. 
The sulphate of barium is allowed to settle, collected on a filter, dried, 
ignited, and weighed : one part of baric sulphate equals •13433S) of sul¬ 
phuric acid. 

An estimation of sulphates in water can also be made on colorimetric 
principles. To 100 c.c. of water, Isirium chloride is added in slight 
excess and then the water is acidified by hydrochloric acid, the turbidity 
jirodueed is now imihitcd by a dilute solution of sodic sulphate tested 
with the same reagents. It is best to observe the turbidity by looking 
through the colorimeter at a black porcelain plate. 

(9.) Thf. Foirhftmiiipr, O-ri/iji n or I'crinauiiimaie Prorrsr .—The prineijdc 
of this process is the abstraction of oxygen bj- tlie organic elements of the 
water, and the estimation of the oxygoi thus abstracted. 'SOIi grm. of 
jwtassic jMu-mangaaate is dissolved in a litre of w.ater, which gives a 
solution containing 1 mgrm. in every 10 c c , or, if working in grains and 
septems, 2 grains of permanganate in 1,000 septems of water, equalling 
•01 grain of available o.xyg(ai in 20 septems. This is the standard 
solution. 

The determination is now usually made, as recommended by the 
Society of Analysts, in two stages, on two ecpial quantities of water, vis.— 

(1) The amount of o.'iygen absorbed in fifteen minutes, and commonly 
due to nitrites, or, at all events, substances very readily oxidtsable ;'and, 

(2) the amount of o.xygen absorbed in four houiu The time for this last 
determination used to be given as throe bom's, but the four-hours’ period 
is preferable; and even then it is easy of proof that, if the water be 
allowcal to sUiud, there still rcnuiin matters cajKiblo of being oxidised. 
The tem|icraturc is an im])ortant factor, for numerous experimeiifii have 
shown that the amount of oxygen consumed varie,s greatly at dill'ercnt 
tem|)eritturcs. The Analysts’ flociety have adoptwl 2G‘'-6 C. (80° Fahr.), 
and in order to ensure uniformity this temperature is here recommended. 
It is, however, proUable that better ami more uniform results would be 
attained by boiling the water and jajrmanganate for an hour. In some 
interesting experiments by Messrs. Wigner and Harland,' river water, to 
which a known quantity of pure sugar had been added, was found to have 
absorbed more oxygen at the eisd of two hours, at 37°'7 C. (100° Fahr.), 
than during six houre at 15°-.') (1. (00° Fahr.), and almost as much as 
during six hours at 26°'6 C. (80° Fahr.). Similarly, river water con¬ 
taminated by a known quantity of urine used irp equal (luautitics of 
oxygen when acted upon by permaug.anate for six hours at 26°'6 C. (80° 
Fahr.), as it did when the process was accomplished in two hoiu« at 
37°'7 C. (100° Fahr.). The actual operation is ns follows:— 

Two stoppered flasks are taken, and a quarter of a litre of the water 
put in each [or 3,500 grains]. 'The bottles, with their contents, are 
immei'sed in an air-bath until the temperature rises to 26°’6 C. (80* Fe ^r- k 
then 10 c.c. [or 100 grains] of dilute sulphuric acid [1 : 3] are added, oTO 
the same quantity of the standard permangan.ato. One of the bottles ia 
taken out at the end of a quarter of an hour, and two or three drops of 
potassium iodide solution added to remove the pink colour. After thorough 
admixture, there is run into it from a burette a solution of sodium hypo- 

' “On the Action of Permangauatr on Potable IVatere at DifferentTvmiicratnres." 
Analytt. March. ISSt. p. 39. 
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sulphite, until the yellow I'olour is nc.ai-ly ties! royed ; then a few drops of 
starch water are .ad<led, and the hyjwsulphile added until the hlue colour 
is just disohai^ed. The v.iluo of the sodium hyposidphitc must he doter- 
inined hy titr.itiug iu a similar m.auner 10 e.c. of the standard permanganate 
in distilled water. At the end of four hours the other hottle is removed 
and titrated in exactly the same waj'. Shouhl the pinh colour diminish 
very lupidly during the four horn's, another measured (quantity of perman- 
gan.aie must la- added. 

If A he taken to express the amount of hyposul[ihite used for a hlank 
experiment with puri' distilled w.att'r, li the water under examination, and 
a the aiiKumt of availahle oxygen in the ipiautity of permanganate 
origin.'dly ailded : then, the oxygen eoustmied hy the (juautity of water 
operated on would he 

(A - 1!) a 
A 


or, in actual ligures, 10 c.c. of a permanganate solution, eipiivaleut to 
1 mgrm. (tf oxygen, were added to a ((uarter of a litre! tif distilled water, and 
to tho same (|uautily of a. siimple under auidysis, The distilled water 
useil 40 c.c. of hy)iosul)>hitt!, the water IJ) c.e. at the end of four hours. 
'J’hen the. oxygen consumed hy the (|uarler litre was ■G2.'i mgrm., according 
to the e<piatiou 


lO-l.Gx I'O 
■ 10 


= 0 025 mgrm. 


or ])er litre, 'J'-') mgrm. [175 grain jMjr gallon], 

Hlair [irefers to use tho oxygen process at 100” (\, ami has puhlishod 
an elaborate scries of e.x))erimeuts proving th.at (lermauganatc and sulphuric 
acid in the ahseuco of organic matter or reducing a,gents cart ho boiled 
fur two hours without change; a serious objection is that a boiling 
permanganate of potash solution will decom2)oso chlorides, setting chlorine 
tree, thus— 

K..,Ma.p, + SlU^Oj + lONaOl = K.,S 04 + SiMiiSO, 

+ r.Nii..'^04 + SllaO + 601.4: 

but with water's containing up to 8 grains of chlorine jicr gallon, it apjiears 
that this reaction has absolutely no effect; with larger quantities of 
chlorine, a control may be run containing an equal amount of chlorine in 
the form of common salt. A groat number of organic substances, when 
.reated with porinauganato at 100' C., absorb the quantity of oxygon 
.heoretioally necessary to convert tho carbon into carbon dioxide, aud the 
lydrogen into water; 100 mgrms. of cane sugar iu two hours absorbed 
111'2 mgrms. O, as against lll'O; stryebniue, brucino, morphine, all 
;avo the theoretical amounts ; but starch canto out low, 8G'4 instead 
>f 118'5. Tho writers consider that with regard to ordinary waters the 
jxvgcn process at 100° C. is by far the most reliable, and have, for many 
fSfrs, used it oxelusively. We are also able to confirm Kruss, that the 
itrongth of a permanganate solution may be estimated by the siiectroscopc 
»y the use of the divided slit (see p. 62); those who have tho necessary 
ippliances may make use of this method in preference to titration. 

The German chemists generally estimate oxygon consumed at 100° C., 
but only boil for ton minutes. The method of Kubel is tho oxidation by 
i centinormai solution of permanganate in ten minutes in acid solution: 
that of Schulze is, first, oxidation by alkaline permanganate; then the 
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liulutiiin in iicirlifiod by HMipburic acid and a^^ain Itoilcd; in each case 
the boiling; is for ten niimitcK. Probably the niothofl of Schidze is the 
iMjtter of the two. In eitlier cjise the o.vygen coiisimiud (or, in other 
wtmls, the jK'riiiatioauiite ustnl) is estuiMitcd by oxalic .acid as follows:— 

The |K!rtiianj'auate strength is first ascertained by eontinormal oxalic 
acid. The water which has been hoik'd with pcrnmiifjanatc has its colour 
discharged by iiicans of ccntinoruial oxalic acid added in known volume 
and in slight excess, and then the solution of j)crmang.inate is dropped in 
until a weak red colour is porniauont. The calculation is obvious, but it 
may be useful to give an example. 

A eentiuormal sobitioti of per>nang:uiate exactly eipiivalent to a' centi- 
normal solution of oxalic acid was used, and 1.1 e.c. of such a solution 
added to 100 e.e. of watiw ; after boiling for ten minuU's and thou cooling, 
lOc.e. of the oxalic acid solution wore run in; and then to the colourless 
lluid it was found that .1 c.c. of the permanganate! solution was necessary 
to just reeldeii the colourless Ikpiid. In all, the solution contained, there¬ 
fore, 20 e.e. of [termangauate, of which S have been used; 1 c.v, of 
ccntinoruial potassie jM'rmangiunito is cipial to O'Oti mgrm. of oxygen; 
hence the 100 c.c. used 0'4 nigrm. of oxygen, eipiivalcnt to 4 [larts imu' 
million. 

The Oxyijeti Vtnmimeil AjryHed to the. Indirert 1‘jitimaHon of Volatile 
Urrjauir Matter. —I’rousse and Tiomami' havt' submitted various waters 
to distillation, and have estinnited the amount of oxygen consumed in- the 
distillate. They have come to the conclusion that the products of putre¬ 
faction may be, in this way, detected, and that the process is a .aluable 
aid to the judgment of drinking waters. Those watera which .are goo<i, 
reducing but small quantities of permanganate; those that are impure, 
large quantities 

An example of one of their experiments may bo given. Half a litre of 
water derived from the I’anki', a dirty brook running through the north¬ 
west of lierlin, was distilled, 400 c.c. of distillate being collected in four 
successive fi'actions and boiled, after Kubel’s method, ten minutes as 
before described. Half a litre was firat di.stilled from the neutral water; 
another half litiv was acidified; a thiid was ulkalised. In all three cases 
volatile orgiuiie matter was present. 



Munus. of Oxyin*ii (Hmsunitnl by KXi c.c. I 


of JiiBlillate from 



((() Nutitml 

(/>) Acid 1 

<(•) AlkHlibcd 


VVuUjr. 

\\ hUt, 

Water. 

1 

1-28 

1*14 1 

1-08 

2 

0'6.'i 

0'tl9 

0'18 

« 

0-39 

o*4r. 

0-27 

4 

0-i7 

0*10 

i 

0'2C 


(10.) Amiiioiiia, Free and Al'mnnnoid .—The estimation of ammouii 
deiicnds on the principle that it admits of ready distillation w'hen i 
exists in the water as ammonia, provided that the water is alkaline 
Since, therefore, nearly every natural water is alkaline, distillation o 

' Ticmanii-Gartucr’s Handlntch der UnUrmchung u. Beurthedung der Waaiei 
Braunschweig, 1896. ' - 
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water is alone sntlicieiit to expel the aitiinouia. If a water, by testing 
with eochineal, is found to be acid, then it will be necessary to add a 
little recently ignited ciirlxinate of soda (or, perhaps bettor, a little 
recently burnt magnesia), until an alkaline reaction is obtained. The 
apimnitus required for the estimation of free and albuminoid am¬ 
monia, is— 

(J.) A g(H)d largo stopjwred retort, fitting into a full-sized Liebig’s 
(sondenser, through which a constant stream of water is 
running. 

(2.) Mcfisiiring-Hasks, either in seplems or litres. 

(.■f.) (lylindera made of clear gl.ass, “Nessler cylinders,” or a 
colorimeter. 

(4.) One or two pipettes. 

(.').) Nessler reagent (spit AjipiiniHx). 

(G.) .Standard solutions of ammonium chlori<le (see A/i/ipiiilix). 

(7.) Solution of alkaline permanganate (see 

'I’lie water is first tested with a little of the Nessler reagent; if it 
shows any decided colour it may bo necessary to distil a very small 
portion, say a quarter of a litre, diluted with a sufficient quantity of pure, 
ammonia-free water. Hut if, on the other hand, there is no colour, or a 
doubtful one, a litre of the water should be distilled, or a fifth of a gallon. 
On Histill-ition, 100 c.c., or 1,400 giuins, are collected in one of the glass 
cylinders, imd b c.c., or onc-twentieth of its volume, of clear stmw-colourcd 
Nessler solution added. If there is any ammonia the distillate thus 
tested will be titited or coloured, the colour varying from a very pale straw 
up to a dark amber. If the colour should be very deep, it is impossible to 
estimate the ammonia with even an ajiproach to iiccuracy, unlest* the dark 
solution is very much diluted and m^c up to a definite volume, of which 
defniite friictiomd parts arc taken. The next step is to estimate the 
ammonia by imitating the colour. This is done by running into some 
distilled water one, two, or more cubic centimetres of the standard 
ammonium chloride solution, and adding exactly the same amount of 
Nessler solution as had been added to the distillate. The solution is now 
made up to precisely the same bulk as the distillate, and the liquids, thus 
in equal columns, comjrarod by looking down through them on to a glass 
plate or white porcelain tile or slab. 

Accurate estimations may be made by the special colorimeters described 
on pp. 60-62, but the accuracy greatly depends upon the practice of the 
observer, and the sensitiveness of his eye for differences of colour. There 
are many persons who, from some physical peculiarity of sight, can only 
distinguish a few shades, and even with the greatest care can make no 
very accurate colorimetric observation. 

By gradiuted Nessler glasses, having taps nea'- the bottom in order 
t^un off a portion, as well as by colorimeters, such as Mill's and other 
Sike contrivances, “ Nesslerising ” is much expedited and facilitated. 

Returning to the actual estimation of free ammonia, the water must be 
distilled in successive fractions, until no more free ammonia is detected in 
the distillate. This occurs generally when 160 c.c. or 200 c.c. (that is, 
one-fifth of the entire quantity) of the water taken has come over, then 
the water is ammonia-free. The next step is to estimate in the same 
water the albuminoid ammonia. 

Albuminoid Ammonia. — When Mr. Wanklyu first published the 
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iiilbiuuiuoid pnKJOHS it wtui vury gencnilly iuioptc'd, and it may i)o ccniKidorcd 
as yielding (piiekly eertaiu data, aKsisthig in the iinal verdict of an analyst. 
To the water left in the retort from the estimation of free ammonia ahont 
ono-tonth of its original volume of the alkaline permanganate (see 
Ap/uwlijr) is added: the water is again distilled; snceessive fractions 
of the distillate are tested with Nesslor, and the ammonia therein con¬ 
tained determined in the same way as in the free ammonia estimation. 
Hero the analyst may oiicasionally have dilHculty, from the eircinnstance 
that the alkaline! permangjinate sots free certiiin oomponnd ammonias, 
which strike a tint with the Messier re-agent entirely different from that 
given hy pure ammonia. In certain eases it may, indeed, he neocssary to 
estim.atc the ammonia hy' titrating with a fee.hle and very dilute acid. 
The free ammonia is usually returned as :unmoni!i: the alhuminoid should 
properly he retunied as ‘'nitnujen an alliiiiinnind ammonia.’’ It is scarcely 
necessiiry to remind the operator that iill retorts, condensers, etc., used for 
these estimations must he ammonia-free, and that ammonia from any 
analytical o])eration must not he allowed to contaminate the laboratory 
atmosphere. The most ready way to render it liertiin that there is no 
ammoniii in the condenser is to acidify a little water with sidphuric acid, 
and then distil until the distillate is ammonia-free. 

Kalimation in Water of Pioteid Aiimnmia. — L. W. Winkler has 
proiH)sod a ticw method of estimation of protcid animonia, and has 
suggestcil that this method may he tised advantageously as a suhstliiute 
for the ordinary albuminoid ammonia process. It is, however, obvious 
that it may also ho used as an addition to the alhuminoid proc6ii8, any 
want of fair agreement between the alhuminoid ammonia and the ])rotcid 
ammonia as estimated hy AViuklcr’s proceas sometimes giving valuable 
insight into the nature of the nitrogenous substance present; urea, for 
csiunple, yields more tlain ten times: hippuric acid about <loid>to, and uric 
acid more than ilouhle, the weight of ammonia hy Winkler's ])rocess than 
can he obtained by distillation with ])ermangauate. The process is simply' 
this ;—i’rotcid substances in solution are more or less oxidised to ammonia 
hy persulphate of potash slightly acidulated with sulphuric aiiid and 
submitted to a heat of 100“ C. for a quarter of an lionr. 

The following table gives the amount of ammonia obtained hy Winkler, 
using his jwocess as compared with the ammonia evolved by alkaline 
jxjrmangiinate from various nitrogenous suhstiniccs :— 



ProtcHi 

.Mbiiiniiioill 

Amnniiila 


Amine tiiia 

Aiimnmia 

caleiiluted 


per cent. 

I>er cent. 

per cent. 

Urea. 

LT-O 

2-2 


Uippuric acid. 

7-I 

3'1 

9*4fi 

Unc uoid, 

]0(i 

■1-3 

40-17 

Theiiie,.... 

ir.-a 

ir.-o 

2d-29 

Louciiie, 

lo-a 

11-3 

12-98 

Tyi-osiue, 

7-9 

8*0 

10-30 

Aeparaginie aciil, . 

11-2 

11-8 

12 81 

Gelatine p.e. N), . 


8-2 

22-23 

Allmmeiif 

7T 

«-7 

19-08 


In oivoh case 10 mgrms. of the substance wore dissolved in I litre of 
water. 
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Tlio following arc the dctailn of the process :— 

Sulutimig rajuiml — 

(1.) Potaxsic Prival/ilia/f Httlutiim .—1 grm. of comiiiorcial persulphate 
is dissolved iu 100 c.c. of water. Since the eoiiiiiK’reiid persidjihatc is 
mostly contaminated with .•immonia it is jniritied as follows: 15 grins, of 
potussie. persulphate, finely powdered, are dissolved iu 100 gnus, of warm 
water (50-00° C.) and ITi grm. of potash added. 'I'lie solution is filtered 
through a smill wad of asbestos and allowed to stand fiir a few hours in a 
cold place. I’ure crystals sep:irato out ; these arc collected on a glass 
filter and dried in the air at ordinary temperatures. The solution rapidly 
changes, so that only small ipiantitics are prepared at a time. The freshly 
prejiared [lure solution gives no turbidity with harium chloride and its 
reaction is neutral. A slight turbidity with barium chloride may, 
however, be neglected. 

(2.) Appi’oxiuiately one fifth normal sulphurie. acid. It is suHicient to 
dilute (1 c.c. of pure concentrated acid up to a litre with water. 

The ammonia is not distilled off, but estimated by a eolorimetric method 
with the same water, for wlneh purpose the following solutions are required 

(3.) Ammoniuia c/i/oi bfc sn/uHoii, 315 mgrins. to the litre. 1 c.c. ~0‘I 
mgnn. Nil.,. 

(4.) Aivx/rf’x ri'dijmt .—This must not be prepared with mercuric 
ehh^-ide, but with mercuric iodide, the propurtiotis being as follows;— 


Mercuric iodide, 
potaasic iodide, 
Sodium hydnisidc,. 
Distilled water, 


10 gnus. 

5 gnus. 
t^O gnus. 
100 C.c. 


The mercuric iodide is riildied to a powder iu a small porcol.tin mortar 
with some water washi'd into a flask and the potassic iodide added. The 
s(Kla is dissolved in the rest of the water and only adiled when quite cold. 
This solution must be kept in the dark. It nntsl not be used for some 
days, in order l.hat the excess of mercuric iodide may crystallise out and 
the liquid become clear. When pi-operly made the liquid is pale yellow, 
caustic, quite clear, and of sp. gr. 1'28. 

(5.) Siihilion of potaxxiutu t-mHvm tartrate,—W gnus, of the salt are 
diBSohud in 100 c.c. of wann water, filtered, 5 e.e. of Nessler solution 
added, and kojit in the dark. This solution is also allowed to stand a few 
days before use. 

l'’or the estimation of ammonia equal parts of the tartrate and of the 
Nesslor solution arc mixed. 

The process itself as apjilied to drinking water is us follows ;—100 c.c. 
of the water are placed in a suitaVilc flask, 5 c c. of the sulphuric acid and 
5 c.c. of the persulphate solution added. Should the Iluid not react acid, 
5 c.c. more of snlphuric acid are added. The fli..rk is now sunk in the 
r^ter Imth and heated at 100“ C. for a quarter of an hour. At the end of 
that time it is removed from the bath, put in a glass cylinder, the mixed 
Nessler solution added (5 c.c.), and a comparison made with a second 100 
C.C. of the same water by adding to it iu the cold the same quantities of 
acid persulphate and mixed Nessler solution,—the colour being equalised 
by dropping from a burette a sufficiency of the chloride of ammonium 
solution into this last which, if any proteid ammonia exists in the water at 
all, will nitturully be of a less deep colour than the water which has been 
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lieatcrl with the ])ei'8ulphate. The amount of ammonium chloride Kolution 
added necessary datii from whicli to ealeulate the protoid 

ammonia, 

'I'he pro(!t*ss is not easy of application to dirty waters, to sewage or to 
any c<dotireii li(juid ; hut it is suitable for ordinary potable and for polluted 
waters without turbidity or marked colour. 

The very best spring waters yield no proteid ammonia; polluted waters 
yield from '1 to more than 7 mgrni. per litre. 

(11.) tfdi'ilvi m. —A. lie/orc Jioiliii/i. —In a corked or stoppered bottle 
1000 grains, or 100 c.c., of the water to lie tested are placed. The 
staudiird soap solution (see Apjic.iulix) is run in, 10 grains, or 1 o.c., at a 
time, and after each addition the cork or stopper is re|daccd, and the 
Isittle shaken violently, and observed as to whether a permanent lather 
forms or not. If not, then another measured (piantity is run in, and so on 
until the desii'ed oil'eet is produced. AVaters contiuning but little magnesia 
give a good lather, and the reaction is fairly sliar]i. With mngnesiau 
waters the reaction is slow, and not so easy to observe. When a lather 
has been obtained, it is well to rejieat the e.vjierimout, and in this second 
assay to run in within half a division the wlnde of the amount of soap 
Bidution thought to be necessary ; then a further portion of the soap 
solution is run in very gradiuilly in tenths of a c.c., or single grains, until 
the lather is )>crmancnt. The hardness is exprcs.se<l in degrees. However, 
»hou the hardness is more than 16”, it is not possible to estimate it in^tbis 
way with accuracy, .and the water under examination mtist be, diluted 
with distilled water to double its bulk, and then the same quantity its 
iibove recommended taken for the estimation : in this case the number of 
degrees fVmnd must, of course, bo multiplied by 2. 

B. HardiienK aftrr /ioiliiiy. —A quantity of water, precisely the same 
in bulk as in the former experiment, is Ixiiled briskly for half-an-hour, 
filtered, cooled, and uiimIc up to the original bulk with distilled water; and 
treated with soap solution, exactly in the same way as in the previous case. 

.‘V ditferent method of determining hardness has been proposed by 
Hchner (AKa///*f, Jlay, 1883). 20 o.c. of normal sulphuric acid are made 

up to 1000 c.c., and a solution of sodio carbonate (1'06 : 1000) is prepared, 
an equal volume of which exactly' neutralises the acid. 1 c.c. of the acid 
neutralises 10 mgrms. of ciilcic cnrlionatc. 100 c.c. of the water are tinted 
with cochineal, pheuacctoline, or methylorange, and titrated in the usual 
way with the acid. Each c.c. used indicates one degree of temporary 
hardness. To another 100 o.c. a measured quantity of the sodic carbonate 
solution is addal, more than enough to dccomfiose the whole of the soluble 
lime and magnesian salts. The mixed solutions arc evaporated in a 
platinum vessel to dryness. The residue is extracted with a little hot 
water, Kltere<1 and titrated hot with the standard acid. The alkali added, 
tiiinm the acid used, indicates the permanent hardness as daCO,. . 

(12.) AUmHuUi/. —The alkalinity of water is best taken by using 
an indiciitur an alcoholic solution of cochineal, which is not affected by 
carbonic acid, and strikes a beautiful crimson purple colour with a trace 
of alkali, a rikldish yellow with acids. 100 c.c. or more are placed in a 
tall cylinder of colourless glass, and a dccinormal hydrochloric acid is run 
in, drop hy drop, from a burette until the colour changes to a yellowish 
hue. The result is expressed in terms of carbonate of lime, each o.o. of 
decittunnal acid equalling 5 mgrms. of carbonate of lime. ^ 

(13.) Organic Analysis of WaJter: Ectimalion of Oraanie Carbon a?id 
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Nitrogen. —(1.) Carhtm, —Tliere are four main ways in which the carbon 
in a water residue is estimated—(1.) as fj:as; (2.) gravimetrically; (3.) 
nepheloinetrically; (4.) indirect inel/hods. 

(1.) Cat'him a.'i gaa. —Tiic first method (wliicli consists in burning up 
tiie carbon into carlxm dioxide, and estimating both it and tlie nitrogen in 
a suitalde gas-apparatus) we owe to Dr. Krankland, wlio proposed and 
practised it as early as 1867. 

FraMan(V» Vomhti!<iiotL Proc,eint.—K quantity of water, varying from 
100 c.c. to a litre, according to tin: amount of impurity siiK|)oeted from 
other determinations [ospccially of the free aunnoniaj is evaporated to 
dryncHH with special prccjiutions. 

Tlaw^ pujcautioiiH aro mainly two—(1.) Tlie poiUiotimi nf t.lic Bimiplo from dust during 
tho fViijKi..itiiig ]aiK;csK, and (2.) th(‘ «lestrucdion nf carlmnatoH, nilrat<'s. and 
whicli, it ia scuively notsPHsary to say. would greatly inU'.rferi! with the results, and iiidoid 
render them valueless. Small ijuautities of water, such as sewage and (he like, can be 
evajMiiated under any improAised ca\er, hut for Ittiger quantities Krankland nwoni- 
mondeil a Bclf-filUng circular water-haUi, on the t<»p whicli rests a lUiiiged cojijier 
capsule, serving as siijuiort to u thin glass dish, in which the evaporation ol tin; water 
talces place. The dish is jimti'ctod from dust by being cuveml by a tall glass shmle, 
Mich as is used for statuettes. The hulk of the water for evajioratioii is contained in a 
flask, to the neck of wliich is aground glass tube hent appropriaU’ly. Tlie flask, when 
tilled with the W'aler and connected with tins tube, is by a quick iiiovemeiit iiivertiNl, ho 
tlial the end of the tube rests on Ibe glass dish. A little above tiie (‘iid «l‘ tlie tube 11101*0 
is a short side tul»e bent at right angh^s, tif smaller diameter than tlio tulsj itself, the 
elley; of which is that directly tlic water in the «lish falls Udow the Utile iinglc ol tills 
tul*o, air ! .ilddes up into the ilask, ami more water mns into the dish. In this wav the 
evaporating dish is kept at a constant level until the whole of the water is iwed up. 
The stel^n eondiiisns on the inside of the glass shade, and collects in the cop]rev ca|»Hiue 
uudenicath the glass dish, and is finally coiiductiMl away by a piece of taisi which |»asses 
over the eopper lip of the liath. The e.vaporatioii of a litre of water tak(3s about twenty* 
six houi*s, hilt with pi*oper arraiigeiiieniH it is contiiiuons, and wlicn once started requires 
no RujMsrv'ision. The evajMimting tinns is riudly a small matter, for the •uialyst can 
begin it one morning, and it will be ready the next, before the water is submitted to 
evaporation it is boile<l briskly with 20 c.c. of 8ul])hui*f>us acid ; or if previous cstimatioiis 
have shown that then* is a larger quantity of nitrogen os nitrates and nitrites than '5 jKjr 
100,000, a larger amount of siilidiurous acid must he addiNl. To ensure the de^itruction 
ofnitr.itea, a amji of ferrous chlonde is added to the lirst dishful of water. I^tly, in 
dealing with waters deficient in caiboimtos (in which case the siil]ihuron8 acid, when 
oxidised to suljdiuric, might not olfcr suflhient base fin* combination, and thereffne there 
might he some destruction of the organic inatti*r), 1 or 2 c.c. of a saturated Kolution of 
hydrio sodic sulphite arc added, which will give any sulphuric acid, otherwise free, 
sufficient base for combinataon. 

When the evaporation is complete, the next stop is to remove the 
residue from the dish and bum it up in a vacuum with oxide of copper. 
To avoid this removal. Dr. Diipri^ has proposed and used a collajisible 
diver dish: the water in this dish is evaporated down in the usual way, 
ind then the dish can be rolled up and thrust, into a combustion tube. Jf 
ihe analyst does not use the silver dish, the residue must be removed by 
ihe aid of a flexible spatula, and, mixed with copper oxide. The combustion 
lube, 18 inches long and of rather narrow bore, is cleansed and dried, and 
i^fl&rged by the aid of a small metallic scoop, lirst with a little coarse oxide, 
ifter which the residue is mixed with oxide; lastly some mcire oxide is 
idded, and in front of this is placed a roll of copper gauze which has first 
been oxidised in air and then reduced in hydrogen. 

The usual precautions in filling a combustion tube for organic analysis 
we, of course, to bo strictly observed- The tube is now placed in a 
combustion fumacOi exhausted of all air by a Sprengcl pump, the tube 
made gradually r^-hot, and the gas finally transferred to a gas apparatus 
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Tlio writers use the niereury 
puiiii) (iescribod at page 52. , 
Tlic oombuBtioii tube is at- 
tacbetl by a sliort piece of 
pressure tubing direct to the 
tulle fi'diu- the pump, and made 
perfectly vacuous. 

Tbe gas is pumped out by 
the niereury pump into any 
oonvoniont test-tube previously 
Idled with mercury and in¬ 
verted in the pneumatic trough. 
The gas thus collected is traus 
ferrod to a measuring ajipar- 
atus, the one the authors use 
being of the tyjie devised by 

X. Huntley (fig. 74). The 
mefhod of transference is 
obvious from the diagram. 
On lowering the reservoir K 
there is a vacuum produced in 
the burette 1>, and on turning 
the two-way cock C so ay iu 
jilaec the burette and the 
interior of the test-tube in 
communication, tbe gas is 
aspirated into the burette. 

The burotti’ has no divi¬ 
sions, but there arc three 
ojiaijue glass jioints, U, «,/. 
The niereury, by careful first 
lowering then I'aising the 
reservoir, can be brought 
exactly in contact with one or 
other of these points, coincid¬ 
ence lieing easily adjusted by 
observing that the point coin¬ 
cides with its image reflected 
on the mercury mirror. The 
cajiacity of the spaces above 
the mercury for each point is 
ascertained by weighing the 
volumes of mercury or water 
fur each division. It is also 
necessary to ascertain the 
exact divisions of the bardhxa 
eter tube which are on the i 
same level with each of the 
three points. The barometer 
tube has no stopcock, but 
simply a ground glass stopper 
(s). The stopper is surrounded 
by a little^ mercury in the 
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mercury cup, so that leakage is impossible; both burette and barometer tul)e 
are jacketed and mniiitaincd at the same toiii])erature by a stream of water. 

If the gas consists of nitrogen and carton ilioxido, after moasiiriiig the 
total volume the gas is retransferred to the testrtube ami a little bit of 
moist solid potash on a wire carried up througli 
tlie mercury into the tube. After all absorj)- 
tioii has ceased, the gas is transferred back 
.again and rome.asured, provided the temiicia 
turn of the water-jacket is the same as before 
and the same division on the burette is used. 

The barometric height will be of coursi' 
ditfercut, and the heights of the (irst to the 
second observation will be proportional to the 
gas that has disapjiearod or been absorbed. 

Instead of atoorption by solid potash, ab 
sorption pipettes m.ay be used. 

The pipette (fig. 7!>) consists of two 
bulks, A and B. C is a thick-walled glass 
tube, with a cafullary bore; at X is the 
India-rubber connection. Before commencing 
an absorption, A must bo filled through B 
with the reagent; it is then, when properly 
connected, easy to drive the gas over into A, and also at the last a thread 
of mercury scaling C. 'J'he jiipettc may now' be disconuceted and well 
shaken without any loss of gas, and absorption is far more ra|iid than 
when hiiuid reagents arc applied in the orilinary manner. An analysis 
of a sample of air, and one of a gas consisting of carbon dioxide, nitric 
])eroxide mul nitrogen, may be cited as an example. 

Air .—A sample of air brought to the lowe.st division of the nioasuring 
pipette, barometer tube reading 900 mm., but the barometer reading cor¬ 
responding to the lowest opaque glass point, is .325 mm. Therefore this has 
to be subtracted : 900 - .325 = 575 mm., which is the pressure of the total gas. 
On atoorbing by a stick of potash after the manner described, and again 
reading at the same division, the barometer re.ading is now 899’8 mm.; 
this subtracted from 900 gives, as the tension of the carbon dioxide, '2 mm. 
Lastly, on impelling the gas into the pipette (fig. 75), and submitting it to 
the action of alkaline jiyrogallate for I wo hours with frequent shaking, and 
measuring at the same division, the barometer reading is 780’9, which, 
subtracted from the former reading, gives as the pressure of the oxygen 
119 mm. Hence 



Tm. 76. 


Pressure of carbon dioxide, , 
„ oxygen, 

,, nitttigen. 


•2 

11 BO 
466-8 


Total pressure. 


676-0 


Sjjice the temperature was constant throughout, if the volume in percent- 
only is required, the calculation is as follows:— 


(1.) 576 : -2 

(2.) 676 : 119-0 


100-carl»n dioxide 

2i:0„.os 

675 


or 


100 “ oxygen 
11900_2o.jg 
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Tlial is, tlio air contained ‘0.3 per cent, of carbon dio.xide, and 20 69 per 
cent, of oxygen. 

In a determination of the carlani and nitrogen of a water residue (from 
a litre), the following is an example of tlie method and of the numbers 
obtained ;—The gas was pumped out by the mcrcury-pvimp direct into a 
thick-walled tesbtul)e, and sucked into the measuring pij)ette and the 
merenrv exactly broiiglit down to one of the glass points; tlie pressure of 
the meriairy as read on tiie barometer tube was 8.o0 mm.; but since the 
div’ision itself e(|nalled or eorrospomled to 284, tlie total pressure of tlie 
gas was S.'iO - 281 = .'506 mm. On now absorbing by a stick of potash, the 
jiresBiiro was fimnd to be .'584, therefore the tension of the carbon dioxide 
was S.'S!) - .'584 = 200. Two bobbles of pure oxygen were now added, and 
the gns, which immediately became of a rod colour, submitted to the action 
of alkaline pyrog.dlate ; after this oi'cration the barometer reading was 
.074, ami therefori' the pressure of the nitric (leroxidc was .084-.'574 = 
10 mm. We have, therefore, the following determinations : -- 


Division -t^tiS'e e.c. 'I’miiji. = 1 


imii. 


IViiKiftii 4>rcar]«m tlioxlili', 

26<> 

,, uiti'ic 

. . 10 

,, uitmfjcii, 

200 

,, Ihf llirco mixHcl ffusf's, 

r»(>G 


These operations have furnishcxl three uneorrected volumes of gaijfs- - 

A. Volume of the thri-c mixed gases. 

1!. Volume,of nitric oxide and nitrogen. 

C. Volume of nitrogen. 

Thu volumes must, therefore, all be reduced by the usual calculations 
to 0°C. temp, and 760 mm. pressure. 

From these corrected volumes of nitrogen and carbonic dioxide, the 
weights of carbon and nitrogen can be obtained by calculation or by tables. 
There is a simple means of arriving at the desired result by the aid of the 
following data:— 

1. The weights of carbon and nitrogen contained in eipuil volumes of 
carbon dioxide and nitrogen gases, measured at the standard temperature 
and pressure, are to each other lus 3 : 7. 

2. The weights of nitrogen contained in eqnal volumes of nitrogen and 
nitric oxide are as 2 : 1. 

Hence, if we assume that for the purpose of calculation the gaseous 
mixture consists entirely of nitrogen, and that tw'o successive portions of 
the nitrogen are removed from it by the reagents; then, if A be the weight 
of the total gas calculated as nitrogen, B the weight after absorption qt the 
first portion (OOj), and C the weight after tlie absorption of the seco»; 
portion (NjO,); further, if ar and represent rospootively the weights o: 
carbon and nitrogen contained in the gaseous mixture, then the following 
siinplo equations express the values of x and y :— 

„»C+B 
-y- V —^ 



In the example given the caloulatiuii is as follows;— 




A 


Log. of 23 "5 O.O., the capacity of tho pipette at tlii! jH>iiit 

meamirc'd,. 

Log. of 580. 

Ijog. from Table L.XIX., corresponding to ll°'fi 0., 


B 


Log. 23"5 C.C., . .. 

Log. (»f 300, ........ 

Log. fi'otn T.ih1e LXl.X. cniTespou<liiig to ll"'.'; (J , 


1- 37106 

2- 7.'i281 


-6-2002!l 

2-3241tf 


-•02109 


1 ■.37108 
2-47712 
H"2002!l 

2’^isT7 


•01187 


0 


Log. 23-.rie.c., ....... 

Log. of 200. 

Ijog. from Table LXl.X , correspon<liiig to ll"-;-; (1., 


Carbon, 

Nitrogen, 


1 -37108 
•2-16-i3i) 

^ .QjggQ 

- 2-03374 
_.-l(-02109- -01187) 

•0118 7 + -01 080 _.o]];w 


Or the water contains in 100,000 parts -438 carbon, 1-133 nitrogen. 

/IfurV’e Method of MoUt (’oiiili-uxfioH .—'dSO c.c. of water are acidilied 
with 2 c.c. of pure, strong sul])huric acid when the water has been concen¬ 
trated to 100 c.c.; all COjj from carbonates is tlioii boiled off by concen¬ 
trating to BO c.c. A globular receiver with two necks, one of which can 
be adapted airtight by a rubber connection to the retort, is now .charged with 
10 C.C. of permanganate and 100 c.c. of water. The receiver is eennected 
with the retort, and to the second tubular portion is adapted an indiarubber 
tulie with clip. The liquid in the retort and that in the receiver are each 
made to boil by means of two Bunsen burners; after the steam has issued 
from the exit tube fur a few minutes, the exit tube is clipped, and at the 
jamc moment the flames removed. The condensation of the steam pro¬ 
duces a vacuum, ns shown by the flattening of the rubber tube. By tilting 
the apparatus a little, about 30 c.c. of the pirmaugannto solution are allowed 
to flow into the retort from the roceivei, and the retort heated gently; 
distillation from the retort into the cooler receiver at once commences, and 
ultimately the acid, becoming concentrated, oxidises all the organic matter; 
the resulting solution should be colourless, but, if it is not so, a little more 
permanganiito should be transferred as before, and the operation re^njated 
until a colourless liquid results. The gases now in the apparatus are 
(iarbonio acid, oxygen, and chlorine, and it is obvious that, by means of a 
Sprengel or mercury pump, they could be transferred to a suitable gas 
measuring appsratus, and the quantity of COjj ascertained after absorption 
>f tba chlorine by direct measurement; Blair, however, prefers to estimate 
Re COj by titration. 10 c.c. of a 10 per cent, solution of ferrous sulphate 
ire passed into the receiver by adjusting the charged pipette to the exit 
rubW tube, and carefully loosening the clip, so as to allow no air to enter. 
The contents of the receiver decolorised by the ferrous sulphate are allowed 
to flow into the retort, the liquid heated nearly to boiling and then jioured 
^ckwards and jforwar^ from retort to receiver. In a few minutes all the 
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chlorine is iibsorbcd. A 6-os!. flask is prepared, having an accurately fitting 
rnhhor cork, throngli which passes a glass tube fitted with a rubber con¬ 
nection ; a little water is placed in this flask, the water Ixnled t.o expel air,, 
and the rubber tube clipjxKl while the water is boiling; the flame is 
removed, and the flask cooled. Into the vacuous flask 10 c.c. of barium 
hyilrato solution, 0'315 per cent., tinted with pheuolphthalein arc run in 
through the iuiliariibt)er tube by ]dacing the end of the cluirgcd pipette in 
the end of the rubber tube and carefully loosening the clip; the glass tube 
is then pushed down until the lower end nearly reaches the bottom of the 
flask. The flask is now connected with the receiver by the indiarubbor 
connections, the clips loosened, and the licpiids in receiver and retort boiled, 
the flask being cooled in water; if the rubber tube remains flat, this is a 
sign that no air has leaked in, and that the steam has not sufticient tension 
to do any damage. Boiling from live to seven minutes expels all CO.^; the 
llainos are then removed, the rubber tubes clipped, the flask finally discou- 
neeted, and the contents titrated with oxalic acid, 'flic exact amount of 
c. n. oxalic acid required to ne\itralise 10 c.c. of the baryta water deducted 
from that rcipiirod to neutralise the same (piantity in the flask, gives the 
re(prisito dat.a for calculating the (10.„ 10 li.c. of c. n. oxalic acid = 1’2 

mgrm. of carbon. 

A. Wi/)iter liUjth's Method of Moist ConilniMion. —Half a litre of the 
water to be examined is first saturated with SOj, and transferred through 
the thistle-headed funnel (fig. 76) of A into the flask, A. This is a strong 
Florence flask of about COO c.c. capacity, having a side tube, the side tube 
being connected with a water pumji and a mercury apparatus as follows:— 
A smaller flask, capicity about 70 c.c., with a T-sido tube, is connected 
with the side tube of A by means of a rubber cork. There is a Bunsen 
valve at v, so that no gas or liipiid can run back into A ; one limb of the 
T-picco is oounected with the water pump, and the other with a gas 
burette graduated in cubic centimetres and tenths of cubic centimetres 
charged with mercury, and provided with a i)rcssure tube and a stopcock. 

There are also suitable clarai)8 on the rubber parts. The measuring 
Injrettc is first tilled with mercury by raising the pi-essure tube, p, and, 
when filled, shutting off by means of the stopcock at s; the clamps, t and 
g, rcruivin open. The fliisk. A, is placed on a sand-bath, the water pump 
set going, and the water boiled so as to get rid of free Si ; this only takes 
a few minutes. Next, about 20 c.c. of clear saturated baryta water are 
transferred by means of the thistle funnel into A, without letting any air 
in, and this is followed by 10 c.c. of a recently boiled 1 per cent, perman¬ 
ganate. The alkaline solution is boiled down in a vacuum almost to 
dryness. The flask is then raised, cooled slightly, and 6 c.c. of organically 
pure sulphuric acid diluted with about 20 c.o. of water are transferred 
through the funnel in the same way. The clip, t, on the tube leading to 
the water pump is screwed down, and the api>anitu8 put in connection 
with the gas burette by opening s. The flask. A, is now lowered on to 
the saud-liath and allowed to boil; nearly all the water condenses in B, 
wliich, at the beginning of this part of the operation, is almost 
the condensed vapour from the former operations having passed away^ 
a receiving flask connected with the water pump. The liquid is distillM 
to dryness and allowed to fume for about an hour. With ordinary waters 
the acid fumes are arrested iti B. At the end of an hour the flask id 
removed from the sand-bath, allowed to cool slightly, and then recentljj 
boiled solution of ferrous suliihate run in throurrh the thistle funnelj 
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This is boiled for a few ininiitoK, and lastly, licat ia applied for a few 
minutes to B. All the carbon dioxide is now in the gas burette, s is 
closed, the flame removed, and the g.aa burette detacbed from the 
apparat<is; it is allowed to cool, and the gas carefully measured by bringing 
the meniscus of the pressure 
tube, p, on an exact level 
with that in the measuring 
burette and reaiiing the 
number of cubic eentiuietres. 

The beiglit of the barometer 
arid tlie temperature is also 
ascertained. The gas is now 
transferi'cd to the bidb 
pipette cliarged with potash, 
figured at p. 645, the bulb 
) pipette is shaken, the nn- 
absorbed gas drawn again 
into the me.asuring burette, 
and the gas again measured. 

The contraction will be equal 
to the amount of tJO.^. 'The 
whole readings must be re¬ 
duced to normal temperature 
andipressure, and tlic volume 
of U().^ translated into parts 
by weight of carbon. 

If, instead of measuring 
the carbon dioxide as a gas, 
the analyst prefers to absorb 
it in baryta water, the burette is replaced by an al)Sorption apparatus 
consisting, first, of a bulb containing potassic permanganate solution, and 
then of absorption vessels charged with clear baryta, the last vessel being 
connected with the water pump; the carbonate of liaryta can be filtered oft 
under xylene, washed with hot water, dissolved in hydrochloric acid, 
evaponited to dryness, and converted into barium sulphate by adding a 
little sulphuric acid to the dry residue and driving the excess of acid off by 
heat. 

The advantage of this method of making a moist combustion is obvious. 
The permanganate, by acting first in alkaline solution in a vacuum, at 
once fixes those volatile organic matters which in boiling down would 
otherwise be lost; while (except for a few minutes) the water is constantly 
under the influence of an oxidising medium, which is not the case with 
other processes. 

Oravimetrir, EgtimatUm of Minute QuanWieis of Carbon. —Drs. DuprtS 
and Hake in 1879' published a method of gravimetrically estimating 
mhiute quantities of carbon by burning up in a current of pure oxygon, 
«na then absorbing the COj thus produced in baryta water, and converting 
the baryta carbonate into baric sulphate. A protluct was thus obtained, 
which weighs 19‘4 times as much as the carbon originally present. 

The details of the process are as follows :—A combustion tube, open 
at both ends, and about 24 inches long, is dnvwn out and bent downwards 
at one end at an angle of 120", so that it niay be conveniently attached 
• Journal of Chemical Society, March, 1879. 
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to a Pottcnkofer’s absorption tube, the other end being connected, bj 
moans of a caoutchouc stopper and glass tni)ing, with an oxygen reservoir. 
This combustion tiilu- is filled half way from the bent end with granulated 
cupric oxide, which may convouicutly be held in position cither by plugs 
of nsbestoB or by platinum wire gauze, or by a combination of lx>th. The 
connection with the oxygen reservoir being then nmdc, the greater part 
of the tube is heated to redness, with the oitlinary precautions, and a 
stream of oxygen (which is first conducted through a long tube containing 
caustic potiish) is jaisBcd over the glowing oxide of copper until the 
issuing gas ceases, after long bubbling, to cause any turbidity in the 
bright bai-yta water. As soon as this jxniit is reiMshcd, the |K>rtion of the 
combustion tul)e preceding the layer of cupric oxide is allowed to cool 
somewhat, and the tube is now ready to bo connecteil with the absorption 
apparatus. Tlio clean absorjition tube is carefully rinsed with water, and 
is olampcid in front of the furnace, in such a manner tliat its bulb end it 
somewhat liigher than the end to he connected to the combustion tube. 
Both ends must he provided with convenient stoppers, consisting of shorf 
pieces of ciioutehouc tubing closed with a small piece of glass rod. Tlu 
stoppers being removed, air, which is first caused to pass through a tuls 
containing catistie jiotash, is pumjted througli the tulte for about twe 
minutes, and it is tlicn filled with Imryta water as follows:—The baryb 
water (of strength I'.') per cent.) is kept in a sufficiently largo steJ 
bottle, provided with a caoutchouc stopper, through which pass tw( 
bent glass tulsjs, the long one for syphoning, the shorter, to wliicb i 
jwtasli tube is attached, being connected with a small hand-bellows. Ii 
filling the alworptiou apparatus, the longer syphon tube is connected witi 
it by means of flexible tubing, and tlie baryta water is forced over b’ 
gentle pressure of the hollows, the bulb end of the absorption npparatu 
being provided with a potash tube. As soon as the absorption apparatu 
is lialf filled, the flow of Imryta water is arrested ; the ends of the Petten 
kofer tulxi are immediately closed by its stoppers, and is now ready fo 
»ise. By tlicse means the tnlie is filled with perfectly clear and brigh 
baryta water. The absorption apparatus is now connected with tB 
combustion tulio, and the combustion proceeded with. Tlie silver disl 
contairang tlie water residue having been inserted just behind the coppe 
oxide, it is burnt in a slow current of oxygen, and the carlmn dioxide i 
absorbed and converted into baric cmrlmuate in the absorption tube. It 
order to filter off and convert the baric carbonate, a funnel and filter ar 
arranged to stand over a beaker containing a layer of caustic potas! 
solution at the bottom, the whole being covered by a bell jar, which itsel 
stands in a layer of caustic potash solution. The mouth of the bell jai 
which is immediately over the funnel, is closed by a thick caoutchouc ca 
with two narrow openings, one of which is provided with a caustic potas 
tube. (Soda lime ap{)arently answers equally well.) The other, which is 
temporarily stoppered, contains a straight glass tube, placed immediately 
over I,he filter so that, after the whole arraugenient has been left some 
time to itself, in order that all enclosed air may be free from CO^, diredsi 
connection may be made with the Pettenkofer tube by means of flexible 
tubing siifiiciently long to admit of some slight freedom of action. 
Filtration may thus be carried on without danger of CO.^ being introduced 
from the atmosphere, the additional precaution being twen of compelling 
all nir which passes through the Pettenkofer tube during this process of 
filtration, to pass through a tube containing caustic potash attached to the 
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tiibo itself. The wnshing of the precipitate in the tnl)o and on the filter 
is ofl'ectod almost entirely with lioiliug water, which has been previously 
saturated with cui'honate of barium [sohibility 1 in 16,000], but finally 
with a small quantity of boiling distilled water. After eomi>iete washing 
the tube is disconnected, and the filter ultimately rinsed round, while 
still under the bell jar, by means of the long tube already mentioned, and 
which, when not clamped, may be moved freely in all directions. The bell 
jar is then removed, and the preeipitate is rapidly washed together into 
the bottom of the filter. 

The Pettenkofer tube, which may contain minute particles of liaric 
carbonate not removed bj' the washing, is rinsed twice with small quantities 
of dilute pure hjalrochloric acid (alxmt 1 in 60), and finally with distilled 
water. the rinsings are poured on to the filter on which the greater mass 
of baric carlamatc is already collected. The filter is further washed with 
dilute hydrochloric acid, and finally with distilled water: and the whole of 
the solution of baric cliloridc so formed is carefully collected in a small 
beaker, ^- ’’he quantity of such solution need not exceed 60 c.c. This solution 
of chloride of liarium has next to bo evaporated, wdiich is best done in a 
platinum vessel on the w.ater-bath. It is then transferred, when greatly 
decreased in bulk, to a miu h smaller platinum dish, weighing about 6 grms,, 
and finally evaporated to dryness after the addition of a few drojis of pure 
sulphuric acid. The dish .and its contents have then to bo ignited, the 
residue moistenctl with a drop of nitric acid and redried, and the whole re- 
ignfted .and weighed to conclndo the operation. The amount of carbon 
present is obtained by dividing the weight of the baric sulphate by 19‘4. 

Ne,,h(jUomeiric Metiml. —This ingenious mctliod we also owe to Duprd 
and Hake. The carbonic .acid resulting from the combustion of an organic 
residue i.^ i>assud into perfectly pure clear solution of basic lead acetate, and 
the turbidity prcxluced is imitated by known weights of CO^; ill ftwit, the 
operation is a colour method oonducteil on the same jirincijdo as ‘Nessleri- 
sing,’ with this important difference, that no success will be obtained unless 
there are special precautions taken to prevent the contamination of the 
solutions by the breath and air, etc. 

§371. Tint EitUmation of Onjanir, Nifroyen after Kjeldahl’e Method .— 
Half a litre of the water is placed in a retort and the free ammonia distilled 
off. Then 6 to 10 c.c. of diluted sulphuric acid are added, and the water 
concentrated down on a sand liath initd the acid fumes. The acid is 
allowed to fume for about half an hour, or until it is almost colourless. 
The acid solution is then cooled, diluted, alkalised with pure soda lye, and 
the liquid distilled, the alkaline distillate being neutralised with decinormal 
sulphuric acid, each c.c. of which is equal to 1-4 mgrni. of nitrogen. This 
simple process is applicable-to most pure waters eamtoining but little organic 
matter and feeble nitrates. On the other hand, it will not give accurate 
results with waters containing much nitrate or much organic matter. In 
such a case the following is the best method —Half a litre, as before, is 
taV<en. The water (after getting rid of the free ammonia) is saturated with 
.^Oj, and a drop of iron chloride solution added; it is then gently heated 
»for about twenty minutes; and is next boiled down to about 20 c.c. To 
this residue is added 20 c.c. of sulphuric acid containing 4 grins, of phos¬ 
phorus pentoxide and then 0-12 grm. of anhydrous copper sulphate and 5 
drops of platin chloride solution. 'I'he contents of the flask, closed by a 
glass marble, are heated gradually to a gentle boil, and the heating continued 
• Dlsch, Zeitaehr^f. aualyi. Chemie, xxv. 679, 
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until the flnirl remains of a green colour. After cooling, the acid fluid is 
diluted, alkalised hy ammonia-free soda solution, a little granulated zinc 
added, and the nliole distilled into a measured volume of decinormal 
sidphuric acid. The decinormal acid arrests iiny ammonia, and on titrating 
the distillate with d. n. sod.a, there will he a loss of acidity proportionate to 
the ammonia, from which (as before) the amount of nitrogen can be 
calcvdated. There has been found a slight practical difficulty in thus 
tilratim; ammonia with the greatest accuracy, and Kjeldahl ' has therefore 
recommendeil the utilisation of the reaction which takes jilaco lietweon a 
free acid and iodide .and iodato. This reaction (denoting free acid by TIK, 
takes place os follows :— 

Gll It -f 5KI + KIO = GKU + .IH/) -I- Gl. 

To tho acid distillate is added O -l grin, of potassium iodide and O'l 
gnu. of jiotassic iodate; after standing two hours the ioiline set free is 
estim.ated by means of a decinormal tbiosulphate solution, tiie strength of 
Avhieh has been cheeked and odjnsti'd by the aid of a decinormal iodine 
solution. 

An exam|)lo will make tho o.aleulation clear. 

The distillate from half a litre of water was submitted to KjeldaliTs 
process, and was received in 30 c.e. decinormal sulphuric acid. Totassic 
iodide and iodate were added thereto (as above described), and the mixture 
allowed to stand two hours; at the end of that time the free ioiline,,was 
estimated by means of a ilecinormal thiosnljih.ate solution, using starch as 
an indicator; 2.'5-9 c.c. of thio.sulj)hate were used. Since 30 e.c. cf thio¬ 
sulphate are equivalent to 30 c.c. of decinormal acid, it is clear that 
30 - 26 i)—that is, 4T c.c. of free acid — have been saturated with ammonia; 
hence tho distillate contains 4'1 c.c. xl’l mgnn. = .'>■74 mgrms. nitrogen, 
and the water contains 1T48 mgrms. per litre or 1T48 parts per million of 
organic nitrogen. 

12. Mimi-iil Aiiiili/gis of Water.^ — Ordinary drinking water holds 
dissolved but few saline matters, and when an an.alyst has determined 
chlorine, nitrates, sulphates, jdiosphates, and carbonates, and also lime and 
magnesia and alkalies, he will usually find, on iidding the sovenvl amounts 
together, that he gets nnmbera very nearly egiuil to the solid saline residue. 

An I'xcclUait inotlioil of aiijmiximntoly rstimutiiig the various saline constituents of a 
water is to ovaiwrato down to urynesa a known quantity, tlion to treat the residue with a 

' Kjeldahl, H )., xxii. 

^ A method of determining calcium and magnesium has been described by Professor 
C. L. Rloxam {Chem. News, 1886); it depend.s upon the precipitation of calcium and 
magnesium as ummonia-arsonates, and is s]>eeittlly a]>plicab]e to their separatiou from 
strontium salts. The determination of calcium as ammonia-arsenate in ordinary drinking 
waters has some advantage—the precipitate is os nearly insoluble in water as calcium 
oxalate, and ireing highly crystalline is not liable to run through the filter—the formula 
of the precipitate dried at 100“ 0. is CaBNH^HjfAROjls.SlIaO, and 100 jmrts are. equal to 
20 of cttleiiim or 50 calcie-enrhonate. If a rapid determination be desired, arsenic 0(^4 is 
added to y of a litre in water, which is then strongly alkalised by ammonia. The mixture 
is well stiiTcd, and allowed to stand fur ten minutes, the precipitate is then collected ong 
a weighed filter, washed with ammonia water (8 5 per cent.), and dried at 100° C, Tb^ 
gain in weight re]iresents the united majmesio and calcic ammonia-ai'senates. The pre¬ 
cipitates are now dissolved off the Biter liy acetic acid, and tho calcium precipitated as! 
oxalate by ammonium oxalate, the solution boiled and ffitered. On adding to the tiltrat^ 
ammonia, the ammonia-magnesium arsenate is in this way reprecipitated, and may! 
bo collected on a weighed filter, washed with ammonia water, and dried at 100“ 0. j i» 
composition is (MgN]i4As04iU.j0); 100 parts are equal to 44‘2 of nt^iesium carbonate. 1 
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littlo liot wator, which wil] dissolve all the soluble siilis out, but leave insoluble 
carbonates of lime and magnesia, and silica. In the soluble portion, the solnblo salts 
of the alkaline earths ami the alkalies aiv deb‘rniuie<1 ; the chlorides, Hulnlmtes, and 
nitrates aiu c^-liinatt'd in the uiiooneentiated water by the processes alreaay dehdled. 
It is also always ojien it* make the analysis in the old-fushiuncit way—that is, to evaporate 
down a large <[uautity of water, to scjuirate the silicti by treatment «if the ash or irsiduo 
with hydrmthlorie acid, and after sei)anition of tlie silica to divide tlic solution inU* thhjo 
or four quantities, in which sulphuric aeid, lime, inagnusia, etc., uiv di'U^riniued hy the 
Oldinary niellKKls. 

W. W. FisIkt^ has snggi'sled a veiy good inelh(*d of i-heeking the minerjd analyses 
of water, which is also ajqdicMhle the indirt'et detenninatitni of alkalies, lie calenlatcs 
the molecular ]»rtq»orlions of the htises iind acids pj’esenl : if the analysis is correct, tliey 
should very nearly concsjiond. The following exumph- explains itself. 


TtJTAL SuLins muKi) at 100'C. = 24*i'00 ; at 240''(J. 230*00. 



Grains 

Mol. 

Mol. 


GminA 

Mol. 

wciKbt 

Mol. 

ilA.'sKS. 

jKsr 

$;ullon. 

piMpor- 

tiuiis. 

.\< in.''. 

IKi- 

propor* 

tlUIIS 

tSofhi, JMii.,(>, . 


4 02 = 

0 S.'iTl 

Cl,,. . . . 

. 18*00 

71 = 

0*2530 

Mugnesia, MgO, 

11-91) 

40 - 

0-299 

S(.l. 

103‘88 

.f 80 -- 

1 *2985 

Lime, Can, . . 

3.’) *28 

T .OC - 

0*(53O 

Cl 1. 

N/)^, . . 

. 0-84 

n - 

-r 108 -- 

0-2170 

0-0077 

Total, . . 

100-11 


1-7801 






Total, 

. 13-2-27 


1-7707 







Dcluet 0 = 

Cl., 4 -07 



• 





128-20 




Tltfis total salts 228*61, and the dilfeiencc will he due to silh u and oxide of iron. 
It is oovious that if the soda be unknown it may be easily calculated if wo itssumc tiie 
molecular jtroporliouB of the total bases =1*7767. 


III. Biological Mktiiods. 

• 

S 372. Vr. Adetmj's AcnMtm Froe-enn.- — 'I’ho organic martors in sewage 
or water consist of sulistauecs some of wliicli are readily broken uj) by 
fermentation, and others, such as peaty colouring matters, arc acted upon 
by bacteria with considerable slowness. Dr. Adeuey’s process aims at 
distinguishing those two classes, and essentially consists in extracting and 
analysing the gases contained in the water, in addition to the oi'dinary 
methods of determining the ammonia and oxidised nitrogen. The water 
is tlien kept in full bottles inverted, the necks being immersed in a little 
distilled water, for seven days or longer, and »g.iiu a simil.ar analysis 
made; good drinking waters show but little change, waters or sewage 
with fermentable substances considerable change. 

For instance, the following is an analysis of a good drinking water. 

Gases expressed in c.o., measured at 0° (!, and 760 mm. bar.; the other 
constituent parts by weight in grammes per litre. I. on oollection; 
II. after 112 days. 

ca.. Oo. Nj. N 08 Nila. N 03 NiKV 

I. II. I. II. I. 11. I. II. I. IL 

A-good water, . 3-58 3-45 8-07 S'OO 15'9D lfi'82 0 -00001 -001 


All the differences between analysis 1. and analysis II., with the 
exception of the increase in nitrates, are almost within the limits of 
experimental error. 


’ AnalyBl, .May 1902. 

* See 5<A Be/iorl Aoyal Commimion on Sewage Dleposnl, Appenidix Vlt. The Keiiert 
oontaina several commanications from Dr. Adoney, with a full detailed description of his 
me^ods, and also of an apparatus ho emiiloys for pumping out and measuring the gases. 
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This may be compared with the same tap water containing 1 in 100 of 
sewage kept for the same time. 


COa. o... 

I. n. I. II. 

i 32 670 8-03 2-64 


N.j. 

I. II. 
lS-90 16-80 


N ah Nila. 
I. II. 
•0062 0 00 


NaaN^£. 
0001 -001 


Here there are considerable diflbrencos. Tlio CO^ is increased 2-38 c.o., 
the oxygen is diminished by 5-49, wliicli is equal to about 32'5 per cent, of 
saturation, and the ammonia lias disappeared, having liuun evidently 
oxidised into nitric acid. 

Dr. Adenoy apparently keeps the waters at ordinary temperatures, and 
therefore, in order that the change may be completed, this necessitates a 
period of conservancy far too long to be of groat utility; there is, how¬ 
ever, no reason why the process should not be accelerated by incubation 
at from 25° to 30°. 

In extracting the gases he acidities with sulphuric acid, so as to obtain 
the dissolved as well as the combined CU.j. 

It is [lossible to get valuable information from a single an.alysis if a 
water is collected, aerated, and preserved for some days with alisoliite exclu¬ 
sion from the air; if pure, the water will be still saturated with oxygen. 

One of the gro.at advantages in not only determining oxygen but 
nitrogen as well, is tliat from the volume of nitrogen found may be 
calculalci] the oxygen that should be present in a water containing no 
fermentable matters, the oxygen being practically half the nitrogen. 
Thus it has lieen found according to Dittniar in sea water, and IJoscoe and 
Trent in distilled water, that the following eijuations express the coi^plete 
saturation of the water at temperatures from 10° to 26° 0. 


Sen Water. Diitilled Water. 


10 ° c., . 

0_ Nj 

• • '^“"r-»33 

0_ Nj 
“ i-986 

15° C., . 

0 - 

■ in48 

o,= N,. 

* 1-951 

20° C., . 

. . 0,--% 

■' 1-960 

o,= N-^- 

1-954 

25° 0., . 

O - Nv 

■ ■ ““1-976 

0 _ Ns 
^““f-978 


g 373. Microaeojneal Apj)enranee «.—To make a microscopical examina¬ 
tion of water, it is necessary to collect the sediment or dejiosit which falls 
to the bottom of the vessel in which the water stands. A convenient way 
of doing this.is to use the tube (fig. 77), which holds a little more than a 
litre. The little gloss cell, C, is adjusted to the pipette-like end, the rod 
is removed, and after introduction of the water the tube is covered and 
set aside for twenty-four hours. At the end of that time any deposit will 
have collected in the glass cap. On now carefully inserting the rod-like 
. stopper, the cap or cell can be removed with, groat ease, and its contents 
submitted to microscopical examination. With very pure waters m.erely 
a little sand or formless dehna collects in the cap, and there is no life. . 
If, however, in the first place eight or ten gallons are allowed to deposit in 
a capacious vessel, most of the water run off, and then the last litre rinsed 
into the tube, in nearly every case there may be a few life-forms and suffi- 
' oieut matter collected to give definite results. It need scarcely be said that 
an opinion must not be formed upon a microscopical examination without 
taking into account the amount of water from which the sediment has been 
r collected, and a definite quantity should be generally agreed on by analysts. ' 

h\ 
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The Sedgwicic-Rafier MelhoJ.' —This ingenious method of obtaining a 
quantitative estimation of organisms and objects in water is in use by the 
Massachusetts biologists. A brass gauze stop is put in the mouth of a 
funnel, and on this stop is packed a layer of sharp quartz sand ; the sand 
grains should pass through a sieve SO meshes to the inch, but not through 
a sieve 100 to the inch. Whipple ^ prefers pure ground quartz. On to 
this sand is poured a convenient quantity of the water (say .'500 c.c.), well 
shaken, so as to got a fair sample. The sand and organisms, 
when filtration is comjilctc, but before the sand has become dry, 
are washed into a test-tube, with from 3 to .5 c.c. of distilled 
water. The tube is shaken tlioroughly, the sand allowed to 
settle for a moment, and the water ipiickly decanted. This 
procedure loaves the sand, but transfers most of the organisms. 

1 o.e. of tlio liquid is placed on a counting-plate, consisting of a 
shallow cell with a brass border, the cell holding e.mctly 1 c.c. 
A fraelional part of the field is now observed, and the organisms 
counted therein; in order to do this, the slide is ruled into 
millimetre s<juarcs, or a metal disc is fitted into the eye piece with 
a square hole cut in its centre, the area of the square hole being 
snub that with the powers used it just covers a sijuarc millimetre. 

The Massaclmsetts biologists have by tliis method examined an 
enormous number of waters; some having been examined on 
several days in each month in the year. The method of reeoiding 
and tabulating the results are shown in Table LX-Vll., giving the 
biological results of the water supply of Nantucket. This water 
\ IIIP sujiply, owing to the increase of Aiialmna (one of the blue-green 
W algaj), in the months of August, September, and October smells 
He and tastes offensively. 

DihiUn’a Prorene. —A lietter method than the Sedgwfek-Rafter 
process is that which has been invented by the late chemist to the 
London County Council (Mr. Dibdin). .A litre of the water (or 
less, should the water contain much suspended matter) is filtered through 
liard filter paper. The deposit is washed off the filter paper into what 
is called a “micro-filter.” The micro-filter is prepared as follows :—A 
piece of clean combustion tubing is drawn out into a capillary tube of a 
diameter of 2 mm. The open small end is plugged by a j»aste made of 
equal pirts of air-dried clay and kieselguhr. This plugged end is dried in 
the Bunsen flame, and ultimately heat^ to redness. The residue from the 
water is now placed in this micro-filter, and the micro-filter is fitted into 
any convenient flask or bottle by moans of an india-rubber plug attached 
by a side tube to a good water-pump, and the superfluous liquid drawn 
through, until only about 1 to 1*5 c.c. remain. The sediment and 
suspended matter ore thus collected in the form of a compact cylinder just 
xbove the porous filtering substance, and are now carefully measured, the 
results being expressed in millimetres per litre. Th,; cylinder of deposit is 
removed by scratching the tube with a sharp file about half an inch from 
the filter plug and breaking it off. A platinum wire is pushed in so as to 
loosen the deposit from the porous plug. Upon inverting the tube, open 
and downwards, the deposit Mis away from the plug towards the open end. 
The tube is then cut close to the plug and the plug removed. On holding 


Fio. 77. 


> AtajaacKuMetbi State Board of Health Beport. Boston, 18S0. 

• The Microacupif of Drinking Water, by G. O. Whipple, 1899. 
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TABLE LX\II.--Mu'jj(»K<'orirAi. Kxamina'uok of WATKit fkom Wannacoaikt Ponw, ‘ 

NaNI’IK'KKT. NoMIiKK of OliOANlKMK J'Kit (.‘UHIO Cj'’NTIMKTRE. 

(25///, .■/■»«««/ */»»•/ oj ,S7ffl/« Huard of IlmUh, Mas.siu]msotl«, 23:{.) 


IHh jAiU 8lht I IMli.'jaml] mil «th lat.li iilstUrtli llUl 8th 

Alik. 1 Aiijr. Alik'. Scjit.iSopt Ort. Oct. Oct. ’ Oct. Nov. Dec. 


PLANTS. 

DiatoxnacesE), 

Cyanophycete. . 

Aiial>(i!iia, 

Anulimiiu Kpnrcs, . 
Miorocystis, . 

Algffl, . . . , 

PttiidoriiiA, . , 1 

ProtococniH,. 
Sociiodesnius, 
StuumHtruin, 

Fungi, Cmiothnx,. 


0 0 0 0 


; 2224 I 1100 467 3361 


508!l76| 968 1748 


yi60. 7Gn ii"0 ,228 I .si;o and 17t5; <m8 17JS 

tu ;;.!() 20111108 . or* lf :2 o' o 0 

0 0 7|0 0 0 0 0 0 

16 2 9|12510 0 0 0 

15 01 1 o! 0 0 ! 0 0 

0 0 :j 0 25 1.1 0 0 0 

1 ; 2 2 0 0 0 0 0 0 

2 ; 0 3 0 0 00 0 0 

56| 000002 2 0 


I'l'. 400 
6 0 


74-1 410 
50 i 9 
Oj 0 


>1 36 14 


ANIMALS. 

Infusoria, . 

Cryiitomoiifts, 
Diiiohryuii, . 
Diiiobryoii lywci-, 
Kiiglfiiin, 
(.Iciiodiniiiiii, 
Moiihs, 
reridiiiiiuii, . 
Vorticclla,. . 

Vermes, 

Auurca, . 
Muiiocci'i'a, . 
Polyartlmi, . 
liotatnriaii ova, 
Rotifer, 

Crustacea, . 

Cydoiis, 

Daplinia, 

Miscellaneous, 

Acarina, 

Zoogloeo, 


2 

9 

0 

0 

8 

4 

4 

1 

0 

0 

n . 

0 

i \ 

0 

0 

» 

■08 j 

0 


0 

•08 I 

0 

144 ! 

76 

0 

•01 


0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 


9 4! 0 0| 

5 8 0 o' 
0 0 0 0 : 
0 1 0 o' 
1 0 0 0 , 
3 0 0 0 


0 ] 0 -02 j 0 


10 3j 21 354| 16 

0 0 (I 0 7 

0 Oi 10 00 0 


0 00 200 

0 0^0 |»r. 

0 01 0 0 

8 0 | 0 0 


0 208 180 


6 341 3 


0 0 0 0 0 

0 0 0 01 04 

0 0 ■ 0 -01 -oi 

0 0 0 0 

72 6 0 2 

•04 01 0 0 

72 0 0 2 


2456j 1191 705 343'960 STSjaSB 1112 1830 817j497 404 
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the little tul)e, now open at both ends, and (living it a downward shake, 
^thc whole of the deposit can be transferred in iibont a drop of water to a 
microscope slide and exainiiuHl in the ordinary way ; aflerwaT'ds portions of 
!be deposit may be stained witli aniline dyos, cultivated and otherwise 
investigated.* 

1. Lifeless Forms. 

1. Mineral Matters, esjiocially sand, elay, and not nnfreijviently fine 
spieula'. of glass doi'ived from the glass pipette, etc. 

2. Veijelalile Matters. —In shallow pools, in rivers, reservoirs, and, in 
fact, all ojien waters, the microscopist soldom fails to lind vegetable th'hns 
in the shape of dotted ducts, spiral vessels, parenehymatons colls, bits of 
cuticle with the hair still adhering, the down of seeds, roots of duckweed, 
bits of chaia, etc. It depends on the amount as to what ciaiclusions are 
to bn drawn ; but this is certain, that .a water showing these matters is not 
likely to be from a deep spring, but one over which the atmosphere more 
or less freely plays. 

3. Demi Animal Matters — (a.) Purely Anhual, such as hairs from 
domestic or wild animals, striped uiuscular tissue, the scales of moths, 
butterflies, or other lc])idoi)tera, eggs of eutosoa (which, of course, may, for 
aught we know, be living). 

(It.) Unman Debris .—Human hair, human cjiithelium. 

(c.) Manufadnred Matters. —Wool, silk, etc. All animal matters, 
whether derived from insect, hninan, or domestic animal life, cannot bo con¬ 
sidered a favourable indication ; and even tho presence of cotton, silk, hemp, 
and th(* like, though innocuous in themselves, yet afl'ords evidence that the 
water is in such a position as to be Ihible to accidental contaminaliou. 

2. Living Forms. 

Microscopic organisms. These may bo conveniently considered as (a) 
Vegetable, ib) Animal, although a division is sometimes difficult. 

(a) Vegetable.— Hutting aside for tbe moment Bacteria or Schissomycotes 
tho most common living vegetable forms are the following:— Beggiatoa, 
Crenothrix, Olatlnthrix; then there are eonfervic, oscillatori.a, volvocinte, 
desmids, diatoms, etc. To these may bo added the green, or sometimes 
red, cells of palraollaj, and the moving 'oproductive spores of confervoids, 
charaj,“ etc. Those forms which i>ossess cells holding ‘chlorophyll’ 
denote water which is exposed to daylight. 

Beggiatoa. —There arc several species of Beggiatoa; the commonest 
being Beggiatoa alba. Beggiatoa forms long flexible threads, 1 to 5 mm. 
in diameter, containing a number of round bodies. It grows on dead 
vegetable and animal matters, sometimes in enormous quantities. The 
senior author has seen the bottom of a polluted brook lined with it for the 
extent of half a mile. The attached part of the thread is thinner and shows 
divisions into segments with hut few particles, but towards tho free end 
tbe segments become less obvious and bright round coloured particles more 
numerous. These particles consist mainly of sulphur. The free ends are 
occasionally liberated, and give rise to a swarm of spiral threads which 
(under the name of Ophiilmnunas) were formerly classed as a distinct genus. 

* Analyst, 1895. 

, ’ For a full account of all the organisme (except bacteria) to be found in drinking 

(waters horn all sources the reader is referred to the excellent work by Q. C. Whipple, 
<Ihs ilierosa^ of DrMittg Water. 
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Tlio growth of Sei/<jiatoa is favoured bj organic matter and sulphur. 
compouii<ls; hence its presence usually denotes sewage pollution. ^ 

Le)il.iiilii-ix is auntlier thread fonn mot with in waters. A few botanists"” 
consider it to bo 6 im])ly a stage in the life of CremiUrix- ayA OUuMlmx; 
but the majority consider it a distinct genus. 

Lejiiullirix oclirarea forms thin threfids stiiinod yellow or yellow-red 
by a d(>position of iron o.vido in the sheath. 

Oi'ennlhn'x forms a brown slimy precipitate consisting of fine threads 
from 1‘6 mm. to b mm. in diameter. The threads are composed of oblong 
cells, the cell divisions being evident. Old cells arc often coloured by 
iron oxide. Some of the cells develop spores which form masses of 
brownish scum. These grow to fresh threads. Sometimes the spores 
grow within the cell to new threads, and then the new threads break 
through the coll, forming a bundle of fine filaments. Old threads may 
show no sign of division into cells. 

Oladotlirix is similar to Omiufhrix, but the threads arc of less diameter. 

Tt may always be, however, distinguished from Crcnof/irix by the threads 
dividing dichotomously, hence the name (lladothrix dicliotoma. 

DmmMs, beautiful microscopic algie, consisting always of two 
symmetrical cells, arc in colour remarkably green: one of the most 
common is a sj)ecie 8 of Uliuftarimth (lig. 78). Desmids have been referred 
to by Dr. kfacdonald us rather indicating a good water. 

It is true that desmids occurring by themselves, with no 
other indication of animal and vegetable life, could in 
no way be pronounced injurious. The fact, however, 
remains that, as a I'esult of many years’ oxiterienco in the 
almost daily analysis of water, the writers have never 
found desmids except in more or less surface supplies 
of water alioundiug with impurity. 77/e diatmm, which 
are composed of a siliceous skeleton clothed by a saroode 
Bubsttmee, consist, like the desmids, of two exactly 
similar ports; they ix> 8 sc 8 s no chlorophyll, and are now Fio. 78. Fio. 78. 
considered either as a class or onler of the Algm or as 
an tndependent group. Fig. 79 is Diatimm mlgare, very frequently 
found, and by itself certainly afibrding no indication of a bad water. In 
fact, diatoms generally are of little importance. 

§ 371. liaHma .—The simplest and lowest forms of plant-life are called 
jKwteria or SrMzomyceies. They are for the most part exceedingly small 
cells, the width l/ciug generally about 0'6 p and the lengths about 1 ft 
(the ft is mm. or 25,000 in.), but the smaller proportion may range 
beyond the sizes given, or from 0T5 p to 5p, or in the case of the sulphur 
bacteria to 20 p or more in width, while tbe length iu some exceptional 
cases may exceed lOOp. The cells are in many cases single; in some 
instances they are In pairs (as in Diplornrms), or in chains of two, three - 
or more (as in Sireptucuecim), and in yet other instances they form masses 
The form of the cells is spherical, oval-shaped or spiral in the vegetative 
state, and nail-headed, clubla’d, fusiform or somewhat dumb-bell shaped in 
the sporing conditions. When actively growing, the multiplication is by^ 
fission; but in some species, when growth is checked by unfavourable 1 
conditions, spores are formed. These spores correspond to tbe seed of | 
higher plants, and are endowed with extraordinary powers of resisting 
extremes of cold and heat, desiccation and other influences which are| 

. fatal to the vegetating individuals. With few exceptions^ they are devoid! 
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of chlorophyll, a feature whicli distiuguigho» them and the fungi jtroper 
from green plants, and they live luaiuly on organic matter, in which 
‘respect they agree with fungi and differ from higher plants gencnilly. Some 
I'Ve on decaying organic matter, and are termed Saproplipti-ii ; other's occur 
in living organic tissues as parasites; wliile a few live solely on mineral 
matter. 

The essential function of bactei'ia is to reduce diseased and decaying 
organic matter to simpler chemical forms by oxidising it and itsiiig the 
energy thereby liberated in building up their own Ixslies. 

The liviirg home of most bacteria is wherever lifeless organic matter 
has accumulated; generally on the surface soil and to a few feet within, 
on the bottom of oceans, lakes, pools, and in the organic matter suspended 
in flowing waters or exposed to moist air. If the organic matter becomes 
dried up, the bacteria form spores and these spores are carried with the 
dust into the air, the winds carrying them to moist places where they find 
favoui-able camditioiis for growth. The main factors rcgulatiug tbeir dis¬ 
tribution are, first, a supply of suitiible foofl, and, secomlly, currents of air 
or water, and carriage by active organisms and inanimate motors. 

The raf(! of mnltipli(»ition of tlic vegetative form is exceedingly high, 
but such multiplication is limited by tlic amount of available food. Hence, 
in soils and in flowing waters the organic matter is over undergoing a 
conversion into harmless products, and, if there is no fresh accession of 
organic matter, the soil or the stream Ijecomes purified at a rate projxjr- 
tiuno4 to the accessibility of oxygen tor the bacteria, etc. Each organism 
has its own limited sphere of action, so that the co-opcnition of many species 
are requuod for the complete dccomjxjsitiou of the organic matter. The 
first stages of the decomposition are efl'ceted by species which can only 
obtain the requisite oxygen from easily deoxidised organic compounds; 
these are termed anaerobic ; others can only obtain their supply from the 
oxygen of the air or from the oxygen dissolved in water; these arc aerobic; 
while some can obtain it in cither way. 

Most bacteria are so sensitive to physical and chemical conditions more 
or less special to themselves tliat their absolute and relative numbers are 
liable to great changes within very short pcrhxls of time. Hence, the 
liacteriological examination of a water siiould be made as s|)codily as 
possible, and, if delay is unavoidable, growth should be checked by placing 
the samples in tubes, and the tubes in special boxes kept cool by ice, and 
surrounded by some substance which will prevent the rejidy accession of 
heat. 

It has been proved that the purification of water takes place chiefly 
while it is in contact with the layers of soil at and near the surface. Not 
only is it here that the greatest amount of ovg.",nic matter is reduced to 
ammonia and nitrates, but pathogenic organisms arc actually killed. Dr 
Sidney Martiii ’ has shown that the micro-organisms common to soil, prove 
rapidly fatal if Bacilliiti typhosus, Gartner’s bacillus and Bacillus coli cftm- 
mmis. Dr Houston * has further shown that the same thitig takes place 
when sewage is allowed to remain in contact with superficial soil. The soil 
)aoteria rapidly gain a mastery over the majority of the sewage l)acteria, 
treptococci, B. coli, and Badhus entirritidis sporogenes. The streptococci, 
specially, are killed in a very short space of time. Dr Houston found that 
; ewage organisms persist for a very much longer period in deep soil than 
hey do in surface soil. 

‘ Appendix B, Supplement toSOlh Armml SepoH, L, Q. B, 
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[§ 374, ; 


It is thus ovidcut that the ohauj'es tliat water may undergo are rapid, 
and it is necessary to exorcise great care and si>oe<l in their examination 
and to pla(!(' hut little reliance tipon the absolute muuber of l)aeteria present.*” 
For although the iiumher of bacteria may, and usually docs if excessive, 
indicate that a large amount of organic matter is present, it gives no 
indiciition as to the origin of this organic matter, or wdiothcr the bacteria 
j)rescnt are likely to be harmful. An estimation of the number of baoterhr* : 
present is, howovci-, of great value if constant e.xaminatiou8 of the same 
aup])ly are being made, or when (iomjxiring different portions of tlie same 
HU|)ply or when testing the cfiicacy of filters, etc. Of more value, as an 
indication of [xilhilion, is an estimation of the difterciit varieties of organisms 
prcsi iit. 11 is often useful to also estimate the number of spores of bacteria, 
the number of golatin-liipiofying bimtoria, and the number of bacteria 
capable of multiplying at blood heat, a temperature unsuitable to the 
majority of harmless water organisms. 

lint in the ])rescut stiite of our knowledge, chief reliance has to be 
placed 111)011 the isolation of organisms of the ISm iUvs mli aiiiimiinia group. 
These organisms are contained in large uundiors in all animal excreta, 
and the work of Theobald Smith, of Klein and others has demonstrated 
licyond doubt that the praMiice of Jidu-ilhtu colt and its near allies in 
drinking water, in anything'mit the smallest numbers, is conclusive evi¬ 
dence of sewage contamination. Since, however, these oiganisms arc 
widely distributed in dust, etc., a few may be found in good waters, if 
they have tiecn exposed to the air. The cause of the presence of H. eoH 
should always be sought, and a water iicreistently found to contain this « 
organism should not be declared absolutely safe for use as a Uriukiug 
water until it is known that the organisms arc not derived from sewage 
]iullutiun. In undoubtedly iiolluted w.atcrs, from four organisms of the 
Coli group to many thousands may bo found in 100 c.c. of the water, 
and tlicy will always be found associated with a great variety of other 
organisms. Bacillun (Prutem) vulijaris and Bacillus etUerilidis sjiorotjenes 
{Klein) should also be looked for, as they arc always present in sewage 
in large numbers. 

Strejitocorci and Stajihi/loccKci may Ire sometimes looked for; as Houston 
has recently iH)inted out, their presence is very strong evidence as to recent 
contamination. 

Only in very special cases need Cholera vibrios and the sj)ores of Anthrax 
be sought for; fortunately the isolation of these organisms presents no 
great difiieulty. 

Only those organisms associated with sewage contamination will be 
described here. The reader is referred to the s])ecial works on the bacteriology 
of water (as, for instance, P. G. and C. Fraukland’s Micro-orgmisms in 
Water, 1894) for a full description of the many organisms to be met with, 
and to any of the many works on practical bacteriology for the methods 
of culture, staining, etc. 

Toted Numhers o/ OnjaHisms groteing at 22° O. — The organism 
contained in a definite volume of water capable of growing on stenulart 
nutrient gelatin are usually Bi)okcn of as totol numbers of orgauisme 
although this number docs not represent all the organisms contained in th 
water. In estimating the total numbers, the following precautions shouli 
be observed. 
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(1) The sample should bo examined as soon as possible after taking; at 
the time of taking if possible. 

(2) The nutrient gelatin used should be of a definite alkalinity and lie 
always prepared in the same manner. 

(3) A definite incubation temperature (22° C) should be used; on no 
account should plates be allowed to incubate at the temperature of the 
room or any other indefinite touiporature. 

(4) Not more than .fiO or 100 organisms should be .allowed to grow upon 
one onlinary Petri dish; since if organisms are crowded together m.any do 
not grow. 

The actual operation of estimating total numbers is simple. Six 
standard nutrient gelatin tubes (see infra) are taken, and the gelatin 
gently melted at 40° C. The water to bo tested is shaken up, and 
1 C.C., 0’6 c.o. or •2.') o.c. injected into each of the gelatin tubes by means 
of a sterile pipette; after mixing, the cxintcuts of the tube arc at once 
poured into a sterile Petri dish, and allowed to set in a cold place. The 
used tube is replugged with its scorched I'ottou wool, and held under a 
stream of cold water, while it is slowly rolled so ns to cause the gelatin to 
set evenly round the sides of the tube. 'Phis tube and the Petri dish, 
which must be inverted when the gelatin has set, are placetl hi the 
incubator at 22° C., and examined every day, the colonies being dotted off 
with an ink spot 011 the base of the Petri dish as they apisiar. If the 
water is suspected of liciug very rich in organisms, 10 c.c. of the original 
watef are injected into lOt) c.c. of cold sterile tap water (always use tap 
, water, as distilled water is inimical to many organisms), and of this dilution 
inject l*./.c., 0'5 c.c., and '25 c.c., respectively, into gelatin tubes, and treat 
as before. This method is far better than taking very small quantities of 
the original water, as snob quantities cannot bo measured with any degree 
of accuracy. 

The estimation of total numlicrs is very important when (ilsting the 
efficacy of filtcra, or if regular examinations of a supply are being made, 
but is of little value when applied to a single sample. 

TolaJ Organignm grotciiiy at SS° G. —Agar-agar tubes are treated in the 
same manner as gelatin tubes, and then placed in the warm incubator, 
and examined after twenty-four hours and on subsequent days. 

Total Aerobic Spares. —1000 c.c. of the water are filtered through a 
sterile Pasteur-dhamberland candle, and the surface of the candle brushed 
into 10 0 . 0 . of sterile tap water contained in a sterile dish, by means of a 
small sterile brush. 1 c.c. or less, according to the suspected purity of the 
water, is injected into melted gelatin. After heating in a water bath 
maintained at a temperature of 80° C. for ten minutes, the gelatin is 
poured into a Petri dish, and inculiated at 22° C. 

Care should be taken to heat the upper portion of the test tube, or else 
the estimation is liable to be too high. 

_ Standard NutrierU Gelatin.— In order to have uniformity in the com¬ 
position of the nutrient gelatin used, we have adopted the mode of 
preparation suggested by Pakes, which is as follows;— 

One pound of finely-chopped beef, as free from fat and connective 
tissue as possible, is incorporated in a litre of water. The whole is then 
raised slowly to 60° C., preferably in a water-bath, kept at this temperature 
for about ten minutes, and then quickly heated to boiling-point. This is 
now filtered into a clean flask, and made up with water to one litre again. 
Distilled water should be used rather than ordinary tap-water, because the 
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character of the water affects the growing power of the gelatin. ThisJ 
meat infusion now contains the salts and extractives of the beef, and a 
little acid albumen. * 

Ton grammes of Witte’s peptone and 5 grammes of common salt are 
carefully weighed, and jilaccd in a clean dish. The mixture is rubbed up 
very carefully with small quantities of the meat infusion in order to 
dissfdve the peptone. If this is not done, dry masses of peptone maybe 
found even after boiling. If by this time the infusion is cold, it should be 
wanned in a water-bath, and 100 griimmcs of gelatin (‘Jlest French’) 
added. 'I’he flask is now placaKl in the steam steriliser, in order that the 
gelatin may be thoroughly dissolved; it should be taken out every few 
minutes, and well shaken, in order to prevent the gelatin settling as a 
sticky layer at the bottom. When the gelatin is quite dissolved, the flask 


is removed, and at once neutralised with iNaOH, using litmus as the 

indicator. ‘When it has been neutnalised, 4 o.c. of the NaOlI are added, 
the contents of the flask are cooled to 60'" or .’>6° and the while of an 
egg is added and well ineorfiorattd by vigorous shaking. The flask is now 
placed in the steam steriliser for half an hour, by which time the egg has 
coagulated in large flakes, leaving the iuteniatant fluid clear. It is then 
llltered through ‘ [)apier Chardin ’ into a clean flask, and run through a 
Hlling appiiratus (delivering 10 c.c.) into the sterile test-tubes. The gelatin 
tubes are at once phveed in the steam steriliser for twenty minutes, and 
treated in a similar manner on the two succeeding days * 


Thb Isoi.ation op Bacillus Coli Communis. 

§ 376. Dr. Houston * identifies the B. eoli by five tests which he 
designates as the “ quintuple preferential method.” 

t)n cultivating water in the glucose medium E (see Table 563), should 
there lie a development of gas, what is called “the presumptive B. coli 
test” has succeeded; then secondary sub-cultures are made on slopes of 
agar in media D or E, and suspicious-looking colonies are inoculated 

(1) into neutral-red broth cultures (medium I) for fluorescence (fl.); 

(2) into lactose peptone cultures for acid and gas formation (medium a) 
(ag.); (3) into peptone water cultures (medium K) for indol ® formation 
(in.); and (4) into litmus milk cultures for acid clotting of the medium 
(ac.). The successful development of the four characters, “fluorescence, 
gas, indol,' and acid,” is expressed by the word “flaginac.” A flaginao 
B. coli is one identified by the four tests. On the other hand, it is pretty 
certain that the organism is of the coli class, if ouly two of the four tests 
are made, viz., tests numbered 2 and 3. If the tests produce in the one 
case gas, in the other indol. Dr. Houston calls if an “agin” B, coli, thus 
denoting that reliance was placed on only those two tests. 

In testing a drinking water for B. coli, Dr. Houston inoculates into 
the medium (med. E) in separate sterilised vessels 100 o.o., 10 o.o.', 1 c.c., 
and O'l C.O., and even lesser quantities. He is thus enabled to get within 
certain limits an idea of the amount of pollution. He assumes that sewage 
averages a million B. coli per o.c., and then, according to the results I 
obtained, places the water in one or other of the nine following classes. 

■ ' Report on the Met, Water Supply, Jan. 1807. , , 

“ Indol is detected by adding to the lirotli a few drops of a solution of para-dimethyl-' 
aniido-benzaldehyde (8 grms. “ pan,” 160 c.c. HCI, 760 o.o. absolute alcohol), and them 
a few drope of a saturate eolufion of potassium penulphate. 





Class. 


1 st 

2 ii(l 

iii-d 

•nil 

.'■iiii 

Oth 

7tli 

Stli 

9tli 


B. co/i per c.c. pollution in terras of sewage per cent. 


None in 100 c.c., very puro water. 

„ 10 C.O., but at least 1 in 100, water polluted with -00001 per cent 

sewage, or 1 of sewage in 10 million jarta of water. 

,, lc.o., but at least 1 in 10 c.c. = -0001 per cent, sewage, or 1 of sewage 
in 1 million parts of water. 

1 iwr c.c. = -001 per cent, sewage, or 1 sewage in 100,000. 

1 o ftno 


10 

100 

1,000 

10,000 

100,000 


-■01 
= •1 
=1 
= 10 


10 , 000 . 

1000. 

lOO. 

10. 


= sewage on a B. enli basis. 


Tablr oiviNci THE Composition of Various Meiiia (orms. or c.u. per litre). 
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Notks on the Tadle ok Mewa. 

B. TIh! sifKilt beef broth nonsista of 3 lbs, of bcpf to tbo litre of water, and la so mixed 
with the culture as that llic dilution gives ill each case the jirojior and standard jirojior- 
lioTi equal to 1 lb. of heel to 1(100 c.o. Hence ij wab'i' to >, cone, broth gives single 
strength ; ^ broth and J W'aler e(]uals 2 lbs. ])er litie, doiililc strength ; 10 c.c. of single 
strength arc used with 1 c c. of culture, 10 c.c. of double strength for 10 c.c. of culture, 
and {lO e.e. of the stock fur loO c.c. of culture. 

C. The. word i*clupelagar is a conibinatiou of letters denoting neutral red, dile salt, 
;u|>tone, /actose agai. A rali and uoine other colonies are stained blight red; the 
B, tyfikosHH arc not stainwl. 

1). The letters S. D. S. before the wonl rebiiKilagar denote the addition to C of 
saccharose, dulcite, and salicin. Tlie lettein M. O., S. D. S. rcbxjielagar denote that the 
inediuni D has been stained l>y malachite green. 

15. The bile salt glucose peploiio inediuni is much used to detect by formation of gas 
the luvsumptive presence of B riili. 

F, (1, and II aro used with inner inverted tube so us to delect gas development. 

L. The gelatine agar inediuni is a stock to which may bo added 10 grins, separately: 
(1) galactose ; (2) glucose; (3) Inivulosi'; (4) inaltose ; (.()) maniiite. These five media 
are put in five quite small lost-tul>es 2 ins. x ^ in., unplugged, held together by a rubber 
banil, and the whole placed in a short wide plugged tube (3 ins. x 1 in.). The dilTercnt 
agar solutions are conveniently distinguished l>y vaiiuus culoured glass beads. Thus 
while bead = galactose, turquoise---glncose, green=liEv'ulose, iiink=maltose, and ruby= 
mannile 

e 

ISi’paration ami Identifiraiitm of D. typhome. —Tho researches of Dr. 
Houston show that it is praeticnblc to separate and identify the Vf. iyplwsm 
from an infected water. 

The chief improvement on the old methods is the use of a spooial 
modiuin (medium D) S. I). 8. rcbipelagar stained bj' means of malachite 
green. 

Dr. Houston’s experiments on artificially infected samples of the 
l/mdon water-supply w'ore made by two methods. 

■1. Primary liquid cultures followed by plating on solid media. 100 
c.c. of the samples were added to bile salt glucose medium (medium R) 
stained with malachite green in final proportions as strong as 1 in 1000, 
and in other coses down to I in 32,000; some meat broth cultures were 
also used without malachite green ; subsequently the colonics were plated 
on stained 8. D. S. rebipeliigar. The li. '‘oli and allied forms are in this 
medium stained blue black; the B. typhosus and some, others remain 
colourless or nearly so. This method is recommended when a river water 
has been stored for some time and consequently most of the microbes 
which ordinarily interfere with the isolation of tho B. typhosus have 
disappeared. 

2. Direct plating on solid media.—100 c.o. of the water in this series 
are oentrifugalised and tho resulting deposit spread over M. Q., S. D. S. 
rcbipelagar plates. 

Iir. Houston in his experiments varied the green from 1 in 6000 to 
1 in 8000, and in some the green was omitted. The colourless colonies are 
picked out and the following six tests applied. ,'j 

In practice, however, tests 1 and 6 at once exclude an enormout 
number of colonies as not being B. typhosus, for it must be understood U 
any one of the tests do not correspond to B. typhosus it is useless to apply 
any others. 
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Reactions of B. typhn$u9. 

Reactions of BacUlt other 
, than B. ijfjthonu. 

Test 1. Proskauer II. medium 
(Medium G). 

Acid, no gas. 

No acid, or acid and gas. 

Teat 2. L. 8. D. 8. (Medium H). 

No acid, no gas. 

Acid nr gas. 

Tisst 3. I’l-oakaucr I. (Medium 
F). 


Acid or gas, or decided 
grot. 

Test 4. Glucose neutral red. 

Purplisli tint; no gas j ho 
tluorcsceuoc. 

Gas or fluorescence; 
absence of purple tint. 


§ 376. Proteus Vuhjans—Gelatin Plates. —Appears as small greyish 
dots after fifteen to twenty hours’ incubation at :20° C. Tfie colonies are 
irregular in outline, the irregularities consisting of mobile bacilli which 
rapidly increase and cause neighbouring colonies to coalesce. Liquefaction 
of the gelatin is rapid. 

Gelatin Stall. —Liquefaction commences in a few hours in the upper 
portion, fqrming in a few days a funnel-shaped liquefied mass along the 
line of inoculation. 

Agar-agar Plates. —Moist, sticky grey growth. 

Broth. —Turhid in twenty-four hours if incubated at 37° C, After some 
daj^ a pellicle forms on the surface. 

Mi^rosc.opically, the bacilli from a liquefied gelatin culture will be seen 
to be mobile. The bacilli are protean in form, cocci, short oval, dumb¬ 
bell, cylindrical and filamentous. 

§ 377. Streptococci and Staphylococci. —Uouston employs the followiug 
method:—“ Surface agar cultures (at 37° C.) should be nq^ide of the 
sample of water, and all minute colonies resembling streptococci sub¬ 
cultured in broth ; afterwards resorting to further subcultures if a micro¬ 
scopic examination of these broth tubes yielded seemingly positive results. 
As regards the amount of the samples to be used in making these agar 
cultivations, it was indicated that in certain cases it is necessary to 
filter large quantities of the water through a sterile Pasteur filter, and 
to use the ‘ filter brushings ’ of the candle; in others, the water may be 
examined directly; in other cases, again, the water may require to be first 
greatly diluted with a definite volume of sterile water.” 

There are a number of species of streptococci-, for the purpose of 
water examination it is, however, unnecessary to distinguish between 
them. 

Broth. —In twelve hours the broth is turbid. After a few days the 
growth sinks to the bottom of the test-tube, leaving the broth quite 
clear. 

Microscopically the organism, which should be stained by Gram’s 
method, will be seen to consist of chains of cocci of varying length as well 
as single cocci. 

There are also several species of staphylococci. 

Agar-agar Surface Vulture. —The colonies appear as yellowish or white 
dots in twenty-four hours. The organism should be subcultured in broth 
and stained by Gram’s method, when the cocci will l>e seen arranged in 
chains or triangular masses. 

Bacillus enteritidis yoorogenes. —The water, unless very foul, must be 

37 
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passed through a Pasteur-Chamberland filter. Various quantities of th 
brushings from the filter are then injected into sterile milk tubes. (I 
has been found necessary to heat the milk tubes just before using, ii 
order to drive off the dissolved oxygen, and allow them to cool to telo^ 
80” C.) 

The tubes are then heated to 80” C., and kept at this temperature fo 
ten minutes, care being taken that the upper portion of each tube i 
heated, or the upper portion of each tube may be passed through 1 
Bunsen burner flame. The tubes are then at once incubated anaSrobi 
cally at 37* C. by Buchner’s method. This method consists in placinj 
the tubes in a wider tube containing pyrogallic acid, and pouring o) 
the pyrogallic acid a .5 per cent, solution of caustic potash, and a 
once sealing the outer tube with a well-fitting rubber cork. Abou 
one gramme of pyrogallic acid should be allowed for every 10 c.c. 0 
potiish solution. After twenty-four hours’ incubation, the casein 0 
the milk will have coagulated and separated from the turbid whey 
A large amount of gas is produced at the same time, and the laye 
of casein is usually blown up the test-tube. If a small quantity 0 
the milk whey (1 c.c.), thus containing products of the D. enteritidi 
culture, be injected into a guinea-pig, the animal will die in al)ou 
forty eight hours ; the peritoneal cavity will be found to be mud 
inflamed, and to contain a large amount of fluid. This fluid shouh 
be subculturod upon blood serum, and in milk under anaerobic con 
ditions; a portion should also be sealed up in a small glass pipett 
and placed in the cool incubator for some days, in order that spore 
may form. ' 

Rod-shaped and cylindrical bacilli, which stain well by Gram’s method 
will be found in the milk and serum cultures, and in the peritoneal fluid 
Spores will be found in the serum cultures, and in the sealed-up peri 
toneal fluid. 

Klein gives the following dimensions for the bacilli and spores:— 

Bacillus —length, 1'6 to 4'8/x; thickness, '8/a. Free spores—length 
1 ’6 ; thickness, '8 to 1 /t. 

Bacillus anthraeis. —Frankland, in Micro-organisms in Water, give 
the following experiment:—From 1 to 3 c.c. of the water containinf 
anthrax spores were mixed with 1 c.o. of sterile broth, and heate( 
for periods of from two to five minutes to 60” C., to 70’ C., or t( 
"90” C., after which they were submitted to ordinary plate .cultiva 
tion. After heating to 60” U. for five minutes, the 100,000 wate: 
bacteria previously contained in 1 c.o. of the contaminated wate: 
were reduced to from 35 to 39 colonies per c.c., and several of thesi 
were recognisable as colonies of B. anthraeis. Heating to 70” 0. fo: 
two minutes reduced the number from 30 to 10 colonies per c.o. 
in which from ^4 to 10 were recognised as those of anthrax bacilli 
Heating to 90” C. for two minutes resulted in the appearance o 
only 7 to 10 colonies, of which 3 to 6 were found to be those o 
anthrax. 

Cultivations .— 

Odatin Surface. —Colonies appear as grey irregular dots after twenty 
four hours’ incubation After from two to three days the margin, whei 
viewed with a lens, may be seen to be made up of twisted fibres. At th< 
same time, commencing liquefaction of the gelatin causes the centre o 
the colony to sink 
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. Agar-agar Plate Cidlioations. —Colonies appear in twenty-four hours as 
round, oval, or heart-shaped colonies. Under a lens the surface of each 
colony is seen to be marked with fine lines. In older colonies, twisted 
fibres, like plaits of hair, may be seen. 

MicroscopicaUy, the bacilli arc seen to be short, rod-shaped organisms, 
with square ends, varying from 2 to 10 in length and 1 to 1'5 in 
breadth. Chains of these bacilli are usually found. The liacilli stain by 
Gram’s method. Spore formation is so well marked that it is not, as a 
rule, necessary to stain specially for spores in order to observe them. In 
impremmi specimens, made from agar-agar plates, the hair-like appearance 
will be seen to be due to chains of bacilli, and the spores will be seen as 
highly refractory vacuole-like bodies. 

Spirillum choleru- asiatiem .— 

Mtiration gelatin surface. —In about eighteen hours it begins to 
appear as minute points of growth of an opaque white. The gelatin after 
a few days is liquefied. 

Agar-agar surface. —Moist greyish-white growth. 

l^otato. —Light yellow growth, difficult to see. 

The vibrios under the mioroscoiie are seen to be slender rods, curved 
BO as to form commas. And two are often joined together, forming 
S-shaped bodies. Several may also be joined to form a spirillum. 

Water may be examined for the cholera vibrio in the following 
manner:—Place 100 c.c. in each of five or six sterile conical flasks, 
plugged with cotton-wool; add to each flask 1 gramme of i>eptone and 
0-5 gramme of sodium chloride. Incubate at 37“ C. for from eight to 
twelve* hours. From the surface of one or all of the liquids prepare films 
and stain them with aqueous gentian-violet or aqueous fuchsinc. If any 
comma bacilli are scon, some of the surface liquid should be diluted with 
sterile water and subcultures made on agar-agar, on which tlie organism 
will be visible after ten hours’ incubation; pure cultures may in this way 
be obtained. 

Nitroso-indol or Cholera Red Reaction. —Test one of the flasks 
containing the water and peptone, by adding to it a few drops of pure 
sulphuric acid; if the cholera vibrio is present a distinct crimson hue will 
be obtained after a very few hours’ incubation. 

Durham-Oruher Reatdion. — Dilute the serum of an animal im¬ 
munised against cholera with ten times its volume of distilled water. 
Mix this with an emulsion of the suspected vibrios. Incubate in a 
narrow test-tube for one hour at 38° C. If the vibrios are those of 
cholera, they will collect together as a white deposit at the bottom 
of the tube, the supernatant fluid being clear. The vibrios under 
the microscope will be found to be motionless and aggregated into 
clumps. 

g 376. Animal forms. '•— Without taking into consideration various 
animal watir organisms which can be seen with the naked eye {e.g., 
water fleas), but confining the attention solely to the micr(»copic forms 
of life, there is such an inexhaustible variety of the latter that it 
takes a special study to ascribe each form to its particular species; 
fortunately, this to the analyst is not necessary, and it may at once 
be laid down that if the deposit from a reasonable quantity of water 
(tor example, a gallon) exhibits forms of infusorial life, the water 
cannot be pure. For although from all natural water, if a sufficient 
bulk be taken, it is possible to extract life-forms, yet all good drinking- 
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water is devoid of such when moderate quantities are taken for the 
search. ■ There are, however, certain animalcules (types of which are 
figured) that specially point to sewage contamination, such as Anueha 
(8 in fig. 80), a soft, colourless granular mass, which puts out finger-like 
processes. Kuglena, which lives on decaying vegetable matter, is 



7. S. 

Fio. 80. 


1. Colony of Vorticella. 2. Oxytiioha lingua. 8. I’ellionella. 4. Glauoomi 
scintillans. 5. Ulancoma gibba. 6. Paramcecinm aurelia. 7. Paramweium oaudatum, 
8 . Amcnba. 9. Ghiiodon. 

fusiform, of a red or green colour, very fie.xible, with a single flagellum 
Vorticella (fig. 1), an oval animalcule attached by a contractile spring-like 
pedicle. Paramoeeium aurelia (fig. 6), colourless and finely ciliated; il 
moves swiftly. Contractile vesicles and nucleus conspicuous. It 
addition to these, Cercomome, Ccelomonas, and many others will often b< 
observed. Of the larger organisms the most common are Oydopi 
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(belonging to the Crustacea), AnguUlula, a small colourless worm, and 
Nais, a worm with bristles. 

Fresli-wnter sponges occur as a thin incrustation on objects; portions 
often die, putrefy, and impart a disagreeable odour to water. The spiculse, 
in the form of fine needles, arc most indestructible and easy of recognition, 
Tlie presence of sponge in water mains often occurs, and alw.ays is a 
misfortune. The examination of a water pipe for sponge is best performed 
by splitting the pipe and scraping the njiper, not the lower surface, for 
the fresh-water sponge is always found with its crater-like openings 
downwards. 

A genus of colony-building infusoria, not unlike Vidrox in general 
appearance, has been discovered in tlie waters of Massachusetts, and is 
described and figured in 23n/ A7miml lieport of the Uassarhusifls litato 
Board of Health under tbo name of VrogleiKU It is important, because 
it imparts to water a most offensive odour. This odour is apparently not 
a sign of tlie decomposition of Uroglena, but is evolved when the several 
united colonics disintegrate. 

It will not be necessary to use any special colouring-agents to see 
infusoria, for they are quite suIBciently visible without .any special reagent. 
M. A. Certes has, iiowever, found out a colonring-matter which concentrates 
itself in certain parts of living infusoria, and may, therefore, be of some 
utility; this reagent is quiuoleine or cyanine, and it appears chiefly to 
colour the fatty parts of the protoplasm. He considers it a reagent for 
livifig fat.i 

§ ^!*. Standards of Purity .—It is now generally admitted that no 
hard and fast standards can be fixed for drinking-waters either from a 
chemical or bacterial standpoint. Every water should be judged with a 
full knowledge as to the surroundings of the supply and the geological 
formation from which it is drawn. • 

When waters are kept under constant observation it is often possible 
to draw valuable inferences from slight variations. Especially is this so 
in the case of nitrates, which in unpolluted waters will rarely show any 
great variations at different times. 

With regard to organic carbon and nitrogen, Frankland considers that 
some importance should be attached, not only to the gross amount of 
carbon and nitrogen, but also to the relative proportion they bear to one 
another, and this especially with regard to surface waters. In deep 
springs the limit of organic carbon should be about ‘1 in 100 , 000 , the 
amount actually found ranging from ‘02 to ‘1 in 100,000 of water. In 
spring water the ratio of C : N varies from 2 : 1 to 6 ; 1, with an average 
of about 2 : 1. Surface water derived from cultivated laud, containing 
C : N below the proportion of 6:1, and having more than '3 part of 
the carbon in 100 , 000 , with those data supported by other indications, 
should be condemned as unfit for dietetic purposes. In surface water, 
if carbon is to nitrogen as 3 ; 1, the organic matter is of animal origin; 
if it be as high as 8 ■ 1 , it is chiefly, if not exclusively, of vegetable origin. 
The content of organic elements in sewage, of course, varies according to 
its state of dilution; but it usually averages from four to five parts of 
carbon per 100 , 000 , and from one to two parts of nitrogen per 100 , 000 . 
Frankland divides waters into two sections, according to the results of a 
combustion. 


Oimptes Jltndua , xcii. 426. 
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Sbution I.— Upland Suupacb Water. 

Class I.—Water of great organic purity, containing a portion o 
organic elements (organic carbon and organic nitrogen) not exceeding O’! 
part in 100,000 parts of water. 

Class II.— Water of medium purity, containing from 0'2 to 0'4 par 
of organic elements in 100,000. 

Class III.—Water of doubtful purity, containing from 0’4 to 0’6 par 
of organic elements in 100,000. 

Class IV.—Impure water, containing more than 0'6 part of organi 
elements in 100,000. 


Sbotion II.— Water other than Upland Surkace. 


CijASS'I. --Water of great organic purity, containing a proportion c 
organic elements not exceeding O’l part in 100,000. 

Class II.—Water of medium purity, containing from 0 1 to 0*2 par 
of organic elements in 100,000. 

Class III.—Water of doubtful purity, containing from' 0'2 to 0’4 par 
of organic elements in 100,000. 

Class IV.—Impure water, containing upwards of 0'4 pait of organi 
elements in 100.000. 


Wanklyn’s standards:— 


PartB iwr million. Grain per gallon. 


Albuminoid ammoiita, 0‘05 0 0035 

„ „ 0 10 0-0070 

More than, 0-10 0-0070 


Professor Tidy’s oxygen process:— 


Great purity. 
Organically safe. 
More or loss impure. 


Farts |icr million. drain per gallon. 
Oxygen used in 3 hours, 0-5 0-035 

„ „ 0-5 to 1-6 0-085 to 0105 

„ „ 1-6 to 2-1 0-105 to 0-147 


Great purity. 
Medium parity. 
Doubtful. 


Blair’s oxygen process at 100° C.;— 


Parts per million, drain per gallon. 


Oxygen absorbed less than, 2 

,, between 2 and 4 

„ ,, 4 and 6 

,. over, 6 


0-14 

0-14 toO-2S 
0-28 to 0-42 
0-42 


Great purity. 

Medium pm-ity. 
Suspicious (unless iieaty). 
Impure, 


Blair’s claasihcation according to organic nitrogen as estimated b; 
Kjeldahl’s process:— •* ' 



Puifl p«r mllUoD. Gnin per 

Organic nitrogen lew than^ 0*06 0*0042 Great purity* 

,f bet^ram, 0*06 and 0'12 Q'0042 to 0'0084 Medium purity. 

,, crver^ 0‘12 0*0084 fiufl^iouH unleM peaty 

()Mty YVAteia may ocm* 
tun anytLInguadw 0*26 
part per niiUioii» 0*0176 
graiti per gallcHit and 
yet be |»otable). 

fi I, 0*82 0*224 bo onndeiiined, even if 

peaty* 
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StANDARP SOLVTlOKIt AND BeAUKNIS, RTC., Au’fIAIIIiTICAI.Lt ARRANGED. 

Parts by Wstylit: Lii/vuh by Mewure. 

8 380. Ammonium CMuruie. —(1) Ammoninm ulijoiide, '3146 part; 
puA water, 1000 pikfts j diHSoIve, 1 c.o. ooDlaiiia *0001 |;rm. of luuiuooia; 
(2) 100 0 . 0 . solution (1) diluted to 1000 o.g. with pure water. 1 ao.-> 
•OOOOl grin, of^tnmonia, 

VtUcir jCHiloride Solitfion .—Iceland spar, or other pure form of calcic 
carhonnte, '1 part. The calcic carbonate is converted into chloride evapo. 
rating to drjucsB with pure dilute hjdroohlurio acid, and the caluio chlonde 
thus obtain^ is dissolved in water aud made up to 1000 parts. 

Copper Sulphate —Sulphate of copper, 30 parts j pure water, 1000 
parts; dissolve. 

D^heuylaviitit Test for Nitrates .—1 grm, of diphenylomioo is dissolved 
in ID to 30 c.o. of absolute alcohol and diluted with ISO o.c. of sulphuric 
acid. A e.o. of this solution, added direct to the water, strikes a blue 
colour in the presence of nitrates, which colour, on dilution, ohaiigcs to a 
jellow.greeu. It gives the same colour with nitrites. 

Ferrous Chloride Solution. —A solutiou of pure ferrous sulphate ie 
precipitated 'vith sodio hjdrate, and washed thoroughly witlt pure water, 
and tuen dissolved in the smallest possible quantity of pure hydroohlorio 
aeid. 

GVtnu’ Seagal for Nitrous Arid or Nitrifi's .— (a.) 1 grm. siilphanilie 
aud, 14‘7 grms. glaunal acetic acid, 2S3 o.o. water. 

(B.) 0*2 grm, a.naphthylamine, 14*7 grms. glaoial aoetio add, 32S o.o. 
water. Mia equal parts just before usei 
IMo^sn^fenedterntne. —(a.) 6 grms. meta-phenylenedlamine aydro- 
chloride, lOOO oji. water. 

(b.) Sulphuric add (1 : S). 

Meta^hosphorie Aeid, —Mata-pheaphorio acid 100 parts, made up to 
1000 with distiUed water; ID parts should contain no appredable amount 
of ammonia. 

Molybdie Solution, — Molybdie add, 1 part; solution of ammonia, 
spedfio grayity ‘960, 4 parts; nitxio ad^ 1‘20 spedfio gravity, IS parts. 
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The molybdic acid is dissolved in the ammonisi, filtered, and itoured witl 
constant stirring into the nitric acid. It should be kept in the dark, am 
freed by decantation from any precipitate which may form. 

Nemder Solution. —3.5 parts of potassium iodide arc dissolved in 100 part 
of water: 17 parts of mercuric chloride are boiled in 300 parts of watei 
and then cooled. 'I’he mercuric solution is added to the potassium iodide 
little by little, until a permanent precipitate is pi-o<luoed. The liquid i 
now made up to 1000 parts with a solution of sodic hydrate of 20 per cent 
strength. Ijistly, the reagent is made more sensitive by the final additioi 
of a little more of the mercuric chloride solution, until a permanent pre 
cipitato begins to form. The solution is put on one side to deposit, am 
the clear liquid decanted for use. It is best to keep that intended for u» 
in a small bottle, while the larger stock is carefully stoppered down. 

/‘alliiilmm Solution. -Palladium, "I part is dissolved in nitro-hydro 
chloric acid, and evaporated to dryness at 100° C., 50 ixirts of hydrochlori 
acid are added, and 2000 of water, ultimately making the bulk up t 
2370 parts. 

Potassium fodiile Solution. — (a.) Potassium iodide 1 part in 10 of water 
for use in the oxygen or Forehammer process. 

(n.) Potassium iodide 1, water 100,000, for use in the volumelrica 
estimation of iodine. 

Potassium Monochromats. —Potassium monochromato 50 parts, dis 
solved in 1000 parts of distilled water. To ensure absence of chlorides i 
is recommended to add a little nitrate of silver until a permanent 'ret 
precipitate forms, which is allowed to settle, and the clear solution used. 

Potassium PermMxjanate. — (a.) Alkaline —Potassium permanganate f 
parts; {)Otassium hydrate 200 parts; distilled water 1100 parts. Th( 
solution is boiled rapidly down to 1000 parts, and kept in properb 
stoppered buttles. 

(b.) Stamtard Vohmietric Solution for Oxi/yen Proress. —'395 part o 
potassic permanganate is dissolved in 1000 of water. Each c.o. containi 
•0001 gramme of available oxygen, and each one groin contains '000] 
groin. 

Silver Nitrate, Stamlard Solution of. —4'7887 parts of silver nitrate 
are dissolved in pure water, and made up to 1000 parts. The solutior 
may be sUndardised, if necessary, by the sodium chloride solution, 1 c.c, 
= ■001 gnu. chlorine; 10 grains =’01 groin chlorine. 

Soup, Standard Solution of. —150 parts of lead plaster are triturated 
in a mortar with 40 parts of dry potassic carbonate, and made into a cream 
with the addition of alisolnte alcohol; when dissolved, filter, and by th< 
addition of water reduce the alcoholic strength to that of proof spirit. The 
solution of soap is then reduced to the proper strength by proof spirit II 
working in c.o. and grms. it should be of such a strength that 14'25 c.c. 
are r^uired to form a permanent lather with 60 c.c. of the calcic chloride 
solution; if working in grains, then it will be most convenient to make i1 
of that strength that it just forms a permanent lather when 180 grain 
measures are shaken with 1000 grain measures of the standard calcic 
solution, equalling water of 8°. 

Sodium. Cldoride Solution —1 ‘648 parts of pure sodium chloride are 
dissolved in water, and the solution made up to 1000 parts. Pure sodium 
chloride can be obtained by passing hydrochloric acid gas through a satu¬ 
rated solution of commercial sodic chloride; a precipitate of pure sodic 
chloride falls, which may be collected, and dried in the hut air oven at 260' 
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to 300”. Each o.c. contains 'OOl gnu. clilorine, or each grain contains 
■001 grain chlorine. 

Sodium Uijdrale, SoliiHon for Edimaiitm of NUral^s. —66 parts of 
metallic sodium arc dissolved little by little in 1000 parts of water. 

Sodir Tlyposuljihite. —One part of erystallised sodium hyposulpliitc in 
1000 parts of water. 

Sodie Nitrite Sohdinn. —'AOG part of silver nitrite is dissolved in a 
little distilled water, and pure sodie elilorido is added until no more 
argentic chloride is thrown down. Dilute with water to 1000 i^arts. 
Allow to settle. Then of the clear solution take 100 parts, and dilute to 
1000 ; 1 c.o. equals -00001 gnu. of N 3 O 3 ; similarly each 10 grains equals 
0001 gniin. 

Starch SoMion.—\ pirt of stansh is rubbed up with 20 i>art 8 of 
lK)iling water. The liquid is filtered, lM)iled, and after being allowed to 
stand for twenty-four hours, the clear liqui<i is syphoned off. 

Suliduiric And (/‘we). —I’uro aulj)h>iric acid is obtained by heating 
the strong acid with a few crystals of potassic ijcrmanganate until the 
green colour is permanent. It may still contain nitrogen as ammonia. 
Blair purifies the acid from ammonia as follows 6 c.c of the purified 
acid are neutralised with ammonia-free soda, the mixture distilled, and the 
ammonia est.iniated in the distillate j then the amount of soilium nitrite 
necessary to destroy the ammonia is ealonlatod from the equation— 

, Nll;,-fN!iNO.,=H20-tNttIIO-fNj. 

Each jxirt of ammonia will require four times its weight of sodie, or 
five times its weight of p>la.ssic nitrite to satisfy the equation. A slight 
excess of this quantity is added to the acid and the acid heated on a sand- 
bath, and the drops distilled, tested, from time to time, for nitrous acid by 
means of starch and potassium iodide ; when the distillate it* free from 
nitrous acid, the operation is finished, and the acid is (for the purposes of 
water analysis) pure—that is, free from carbon and free from nitrogen. 

Zinc loilide StorrJi Solufiim.—i grms. of starch are triturated in a 
mortar with a little water and transferred little by little to a boiling solu¬ 
tion of 20 per cent, zinc chloride. The heating is continued, rejilacing the 
water from time to time, until the starch is dissolved and the fluid is almost 
colourless; the liquid is then diluted, and, after adding 2 grnw. of zinc 
iodide, filtered; the filtration is slow, but a clear filtrate can ultimately be 
obtained, which, kept in closerl bottles in the dark, preserves its properties 
for an indefinite time. On acidifying with sulphuric acid, if properly 
made, there should be 110 blue colour produced. 


(Tabi.1. 
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TABLE LXVIII.— llEDroTioN ok Cubic Centimbtkes of Nitboobn to Qbammes. 

*“'■ ''»Bh toiith of u dnuree from 0“ to 30" 0. 

*^(1 +0-003H7 ) ^ 


! 

C.O. i 

i 

0-0 

m 

0-2 

0-3 

0-4 

0-6 




0-9 i 

... 1 

T 

0 

«*2]824 

808 

793 

777 

761 

745 

729 

71S 

097 

681 

1 

605 

mmm 

«33 

617 

601 

680 


554 

538 

622 

•j 

507 

491 

476 

469 

443 

427 

412 

396 

380 

364 

3 

349 

333 

318 

302 

280 

270 

255 

239 

223 

208 

4 

192 

177 

1«1 

146 

130 

114 


083 

Km 

051 

r, 

035 



•989 

*973 

•957 

*942 

*926 

*911 

*895 

6 

■0'20879 


848 

833 

817 

801 

786 


755 

739 

7 

723 

708 

692 

676 

001 

615 

620 

014 

508 

5.S3 

8 

507 

5,52 

f)36 

r>2i 

505 

490 

474 

459 

443 

428 

1 ) 

413 

397 

382 

306 

351 

335 

320 

304 

2.89 

274 

10 

2r)9 

214 

228 

213 

198 

182 

107 

151 

130 

121 

11 

100 


075 


015 

029 

OH 

*999 

*081 

*909 

12 

B-19B53 

938 

923 

907 

892 

877 

862 

840 

831 

816 

13 

^KdE] 

785 

■rWil 

765 

710 

724 

709 

694 

679 

664 

1-4 

618 

033 

618 

Mol 

588 

573 

558 

643 

528 

513 

15 

197 

482 

437 

452 

437 

422 

407 

392 

377 

362 

10 

310 

331 

316 

301 

280 

•271 

250 

241 

2-20 

211 

17 

196 

181 

166 

161 

136 

121 

106 



001 ' 

18 

016 

031 

016 

001 

•980 

*971 




*911 

19 


882 

807 

862 

837 

822 


792 

777 

762 

20 

718 

733 

718 

703 

088 

073 

659 

644 

629 

614 

21 


ftHf) 

570 

656 

640 

520 

511 

496 

481 

466 

22 

152 

437 

422 

408 

393 

378 

363 

349 

334 

319 

23 

305 

290 

275 

2>1 

246 

•’31 

•216 

202 

187 

172 

21 

158 

143 

1-28 

114 

099 

084 

HjJ] 

055 

Km 

026 

26 

012 

*997 

*982 

•968 

*953 


Ei3 


*895 

•880 

26 

6-17806 

851 

837 

822 

808 


779 

704 

750 

735 

7.7 

721 

Ha 

692 

677 

663 

648 

634 

619 

605 

590 

28 

670 

661 

647 

532 

518 


489 

476 

460 

446 

29 

432 

117 


388 

374 


345 

331 

316 

302 
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TABLE LXIX.— For the Calcitiation of Total Somos from Fat and 
S i'KOiKK! Gravity (Richmond). 



Fat per cent. 

Specitic 

Gravity. 

-1 

-2 

1 

■3 

-4 

-5 

■6 

-7 

-8 

-9 

1-0 


Total Solids per cent. 


f.-77 

5-89 


«13 

6*25 

6-37 

1 

6*49 j 

6-61 

6'73 

6*85 

22-5 

f. 90 

«'0*J 

ii-14 : 

6*2(1 

6*38 

6*r)0 

6*62 ! 

6-74 

6*86 

6*98 



6-14 


Bhih 

6-60 

6*62 

6-74 1 

6-86 

6-98 

7-10 

235 

6-15 

6-27 

6-39 

6-51 

6-63 

6-76 

6-87 

6*99 

7-11 

7-23 

24-0 

6-i!7 

6-39 

6-.5] 

6-63 

6-75 

6-87 

6*99 

7-11 

7 *2"> 

7-35 

24-5 

«-40 

6-.52 

C‘(54 

0-76 

6-88 

7-00 

7-12 

7-24 

7 *36 

7-48 

26-0 

6-52 

6*64 

6-76 

0-8S 

7-00 

7-12 

7-24 

7-36 

7-18 

7*60 

25-5 

G-65 

6-77 

C-89 

7-01 

713 

7-26 

7-37 

7-19 

7-61 

7-73 

26-0 

6-77 

6-89 


7-13 

7 "25 

7-37 

7-49 

7-61 

7-73 

7-85 

26-5 

, 6-90 

7-02 

7-14 

7-26 

7-38 

7-60 

7-62 

7*71 

7-86 

Mil 

27-0 

7-02 

7-14 

mrVAim 

7-38 

7-f.O 

7*62 

7-74 

7*86 

7-98 


♦ 27-5 

7.-15 

7-27 

7-39 

7-61 

7-63 

7*75 

7-87 

7-99 

8*11 

8--23 

28-0 

7-27 

7-39 

7-51 

7-63 

7-76 

7-87 

7-99 

8-11 

8-23 

8-35 

28-5 

7-39 

7-51 

7-63 

7-75 

7-87 

7-99 

8-11 

8-23 

8*25 

8-47 

29-0 

7-62 

7-64 

mEm 

7-88 

EE9 

8*12 

8-24 

8'36 

8*48 

8-60 

29-5 

7-64 

7-76 

7-88 


8-12 

8-24 

8-36 

8-48 

8-60 

8-72 

30-0 

7-77 

7-89 

8-01 

8-13 

8-26 

8-37 

8-49 

8-61 

8-73 

8-85 

f30-5 

7-89 

8-01 

8-13 

8-26 

8-37 

8-49 

8-61 

8-73 

8-85 

8-97 

WEil 

8-02 

8-14 

8-26 

8-38 

8-50 

8-62 

8-74 

8-86 

8*98 

Ksia 

31-5 

8-14 

8-26 

8-38 

8-60 

8ii2 

8-74 

8-86 

8-98 

9-10 

9*22 

ffi-O 

8-26 

8-38 

8-50 

8-62 



MM 

9-10 

■9*22 

9-34 

. 32-5 

8-38 

8-60 

8-62 

8-74 



BiHIll 


9-84 

9-48 

33-0 

8-61 

8-63 

8-76 

8-87 



9-23 


9-47 


83fi 

8-63 

8-76 

8-87 

8-99 



9-36 

li 

9-59 

9-71 

/ 34-0 

8-75 

8-87 

8-99 

9-11 

9-23 

9-35 

9-47 

0-59 

9-71 

9-83 

. 34« 

8-88 

lEMB 

9-12 

9-24 

9-86 

9-48 

9-6-j 

9-72 

9-84 

9-96 


9-00 

9-12 

9-24 

9-36 

9-48 

9-60 

9-72 

9-84 

9-96 

10-08 

itSBfi 

9-12 

9-24 

9-38 

9-48 

9-60 

9-72 

9-84 

9-96 

10-08 



9-24 

9-36 

9-48 

9-60 

9-72 

9-84 

9-96 


1111 



9-36 

9-48 

9-60 

9-72 

9-84 

9-96 





9-49 

9-61 

9-78 

9-86 

9-97 



10-33 




9-61 

9-78 

9*85 

9-97 

10-09 

110-21 

10-83 

10-46 

10-67 

10-89 . 
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Tabm LXIX. —Fok the Calohlation dv Total Solids ksom Fat and 
Spkcikk; Ohavity (KicH.\ioND)-fon/£»M«(i. 


Speoiflo 

Gravity. 


Fat per cent 


2-4 I 2-5 




10 17 10-29 

10-29 10-41 

10.1-2 10-.Ol 

10-.',4 10-6« 


9-27 1 

9-39 

9-61 ^ 

9*(il? 

9*75 

9-40 

9-62 

9-64 

9*70 

9*88 

9-62 

9-«4 

9-76 

9’SS 

10*00 

9-65 

9-77 

9*S9 ' 

10-01 

10-13 

9-77 

9-89 

10-01 

10-13 

10-26 

9-90 

10-012 

10-14 

10*2(5 

10*88 

10-02 

10-14 

10*2« 


10-50 

10-16 

10*27 

_ 

10-39 

10-61 

— 

10*63 


1- 99 12-11 

2- 12 12-24 

2-24 12-36 

2-48 


-76 11-88 
-88 1 12-00 
213 
-2-26 





























irooi®: iftBiB ' doM^siridjir AND^ASAL^a 


TABLE LXIX.— Fob thb Oadooi/Ation op Total Soliijs prom Fat aSd 
S i-BCIFIO Gbavjtv (RiniiMOND)— mntimud. 

Fat lK)r cent. 


Gravify. 31 I 32 S'S 3'4 I 3-5 3-6 i 37 I 3-8 3-9 4-0 


Total SolidH por oont. 


9-97 I 10-U9 1()'21 lO-.'),') 10-46 

10-22 I lO-.-M 10-41) 10-58 

lO-.-M 10-40 10-6.9 10-70 

10-47 10-69 10-71 10-83 


































Table LXIX.— Foe the Oaloolatioe or Topal Solids from Fat and 
STECIFIO GrAVIIT (RicUMOND)— 
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POODS : TTreiR COMPOSITION AXD ASALYSIS, 


S»o 


Table LXIX.- Fok the CALonLA’nou op Total Sonns from Fat 
AND Specific Oeavity (Richmond)—CT»< in«e(i. 


































APpENtqx:; 


Table LXIX.—Fob tub Oalctlation of Total Solids from Pat 
AND Si'nciFic Gravity (Richmond)—(■»»//)()««*. 


Fat jicr cent. 


Fat jier coot. 


Sy. 6-1 6-2 I 6-3 6-5 61 6-2 6'3 ’ 6-4 , 65 


Total Solids por cent. 


Total SoU<ls )H*r ooiit. 


13-33 1 IS-lfi 

30-0 

11 -97 

16-01) , 15-21 

15-33 

15-46 

13-411 13-ns 

30-5 

15-09 

15-21 1 15-33 

15-45 

15-57 

13-58'13-70 

31-0 

15-22 

15-34 '15-4(1 

15-r.s 

15-70 

13-71 ] 13-83 

31-5 

15-31 

15-40 15-53 

15 70 

16-82 













APPENDIX II. 


THE SALE OF FOOD AND DKTJGS ACT, 1876. 

’An Act to Kkpeai. the Audltkkation or Food Acts, and to Make Better 
Provision tor the Sale of Food and Driios in a Pdre State. [88 k 39 
ViOT., oh. 68.] 

Whereas it is dssirsble that the Acts now in force relating to the adulloratiou of food 
should ho remalcd, and that the law rogarding the sale of food and drugs in a pure and 
genuine coiiditiou should bo amended; 

Be it tlierefure enacted by the Queen’s most Excellent Majesty, by and with the advice 
and consent of Uie lA<rds Spiritual and Temporal, and Commons, in this present Parlia¬ 
ment assembled, and by the authority of the same, as follows: 

1. From the oommenoement of this Aot, the statutes of the twenty-third and twenty- 
> fourth of Victoria, chapter eighty-four, of the tldrty-first and thirty-second of Victoria, 

chapter one hundred and twenty-one, section twenty-four, of the thirty-third and thirty- 
^^fourth of Viotom, chapter twenty six, section three, and of the thirty-fifth and thi^- 
sixth of Victoria, chapter seventy-four, shall be repealed, except in regard to any appoin^r 
F.mont made under them and not then determined, and in reganl to any offence committed 
('.against them or any prosecution or other act commenced and not concluded or completed, 
• and any jiayniont of money then due in res;iect of any provision thereof. 

2. The term “ food ” shall include every article used for food or drink by man, other 
. than drugs or water ,; 

V The term ‘ ‘ drug ” shall Include medicine for internal or external use: 

The term “ county” shall include every county, riding, and division, as well as every 
EDUuty of a city or town not being a borough: 

The term “justices” shall include any police or stipendiary magistrate invested witli 
i&e poweis of a justice of the peace in England, and any divisional justices in Ireland. 


Deacriptim of Offmeea, 

8. No person shall mix, colour, stain, or jiowder, or order orjiermit any other person 
to mix, colour, stain, or powder, an/article of food with any in^dient or material so as 
*to render the article injurious to health, with intent that the same may be sold in that 
S^te, and no verson shall sell any such article so mixed, coloured, stained, or powderri), 
uh^er a penalty in each case not exceeding fifty pounds for the first offence; every 
offence, after a conviction for a first offence, shall be a misdemeanour, for which the person, 
on conviction, shall be imprisoned for a period not exceeding six months with hard 
labour. 

4. No person shall, except for the purpose of compounding as hereinafter desenbM, 
mix, colour, stain, or powder, or order or permit any dtner ^rson to mix, colour, stain, 
or powder, any drug with any ingredient or material so as to affect injuriously the quality 
tor potency of such drug, with intent that the same may be sold in that stats, and no 
%cmon shall sell any such drug so mixed, coloured, stained, or jiowdered, under the same 
ipenalty in each case respectivmy as in the preceding section for a first and subsequent 
offence. *’ 

:. 6. Provided that no person shall be liable to be convicted under either of the two lost 

((fbreKoiDg sections of this Act in respect of the sole of any article of food or of any drug, if 
^ wows to the satisfaction of the justice or court before whom he is charged that he did 
lilM know of the article of food or drug sold by him being so mixed, coloured, stained, or 
mdered, as in either of thoee sections mentioned, and that he could not with reosonablq 

r ce have obtained that knowledge. ' ' ' 

No person ahall sell to the prejudice of the purchaser any article of fCod or any dr% 
' k .is not of the nature, substance, and quality of the artide demanded 'hy OW 



^jpoxensier, unaer a penalty not exceeding twen^ pounds; provided that an offence 
>v%ot be deemed to be committed under this section in the following cases; that is to say, ra 

(1.) Where any matter or ingredient not injurious to health lias been added to the ^ 
food or drug because the same Is required for the production or preparation ^ 
thereof as an article of commeroOf in a state fit for cania^ or cousum(t1ionj 
and not fraudulently to increase the bulk, weight, or measure of the food or 
dnig, or conceal the infeiior quality thereof: 

(2.) Where the drug or food is a proprietary medicine, or is the subject of a patent in 
force, and is sup])Iiod in tlie state requited by the specificatioji of the patent: 

(3.) Where the ^d or dmg is compounded as in this Act mentioned: 

(4.) Whore the food or drug is unavoidably mixed with some extraneous matter in 
the pi ocess of collection or pro|)amtion» 

7. No person sliall sell any compound article of food or compounded drug which is 0^ 
not com])oscd of ingredients in accordance with the demand of the purchaser, under a 
penalty not exceodnig twenty imunds. 

8. I^vidcd that no ]>crsuu shall be guilty of any suoli offence as aforesaid in respect wid 
of the sale of an article of food or a drug mixed with any matter or ingredient nut iigunoiu 

to healtli, and not intended fmudulcntly to increase its bulk, weight, or measure, or 
conceal ite inferior quality, if at the time of delivering such article or dmg he sliall supply 4 
to the iiorson receiving the same a notice, by a label distinctly and legibly wiitten or 
printed on or with the article or drug, to the ulhict that the same is mixed. em 

9. No person sliall, with the intent that the same may be sold in its altered state Alud 
without notice, abstract fixim an article of food any part of it so as to affect Injuriously cow 
its quality, substance, or nature, and no })ei‘son shall soli any article so altered without 
making disclosure of the alteration, under a penalty in each cmie not exce^ing twenty 
pounds. 


AppouUment and Duties of AnaJffsts^ ftiid Proceedings to obtain the 
appointmefnt of Analysis. 

lO.eln the citg of London and the liberties thei’eof the Commissioners of Sewere of the Thk 
City ol London and the liberties thereof, and in all other ))arts of the metropolis, the 
vestries and district boai'ds acting in ex^ution of the Act for the better local management 
of the metropolis, the court of quarter sessions of every county, and the town council of 
every borough having a separate court of quarter sessions, or having un(|ar any general 
or local Act of Parliameut or otherwise a HC]Mrate ^wlice establishment, may, as soon as 
convenient after the iiossing of this Act, where no ap]>ointment has been hitherto made, 
and in all cases as and when vacancies in the office occur, or when required so to do by 
the Local Government Board, shall for their respectivo city, districts, counties, or 
boroughs, appoint one or more ^i-sous possessing oom])etent knowledge, sldll, and 
eiqierience, as analysts of all articles of food and drugs sold within the said city, 
l^nistropolitau districts, counties, or boroughs, and shall jiay to such analysts such re* 
muneration as sliall he mutually agreed u{)on, and may remove him or them as they 
slmll deem proper; but such ap])ointments and removes shall at all times be subject to 
the approval of the Local Guvomraent Board, who may require satisfactoiy proof of 
comMtency to be supplied to thorn, and may give their approval absolutely or with 
. moi^oations as to the period of the ap])oiatment and removaX or oriierwise; provided 
^that no person shall hereafter be appointed an analyst for any place under this section 
who shall be engaged directly or in^octly iu any trade or business connect^ wit^ the 
' sale of food or dru^ in such place. 

In Scotland the like powers shall be conferred and the like duties shall be imposed A^ra 
mpon the commissioners of supply at their ordinary meetings for oounti«B, ana the ini 
commiMionen or boatds of police, or where there are no such conimissioneis or boar^, 
upon the town councils for Durghs within their several lurisdictlonB; provided that one 
/Of Her Majes^'s Principal Secretaries of State in Scotland shall be substituted for the ^ 
Government Boaro of England. 

‘ In Ireland the like powers and duties shall be conferred and imjiosed mspectively £ 
the grand jury of every county and town council of every borough; provided that' 
l^e-Local Government Board of Ireland shall be substituted for the Local Govenunent. 
^Board of England. ^ 

yil. The town council of any borbugh may agree tliat the analyst appointed by any ^ 
^j^hbonring borough or for the county in which the borough is sitoatM, shall act for 
b(»oi^h duruig such time ss the said council shall think proper, and shall make-ffl 
provision for the payment of his remuneration, and if such analyst shall consentjS 
sSiij'imall during such time be ^e onalvst for suoh borough for the narooaea of the AoL *'9 





rpoDs; THBiB 'COMFosmoK Airs AmtYBm 


’ 12. Any pnrcliaser of any article of fond or of a drag in any place being a diatriei 
county} city, or borongli where there is any analyst apnointea under this or any Ao 
hereby repealed shall be ontitlod, on payment to such ax^lyst of a sum not exceeding tei 
f» shillings and sixpence, or if them be no such analyst then acting for such place, to th 
Bjm analyst of another place, of such sum as may be am'ced u^ioii between such person an< 
the analyst, to have such article analysed by suen analyst, and to receive Irom him i 
oertiheato of the result of his analysis. 

13. Any medical officer of health, insjiector of nuisances, or in8})ector of weights ant 
measui'es, or any inspector of a market, or any }K)licc constable under the direction ant 
at the c(^ of the local auilionty appointing such tifficer, iiispechtr, or consiable, o 
charged with the cxectition of this Act, may pmeure any sample of food or drugs, and i 
he sus}>ect the same to have been sold to him coiitrtiiy to any provision of this Act, 
shall submit the same to be analysed by the analyst of the distnet or ])lace for which 
lie acts, or if tlieru bo no such analyst then acting for such place to the analyst of another 
place, and sucli analyst shall, ui>on receiving jtayment as is provided in the last section, 
with all convenient speed analyse the same and give a cortiticate to such officer, wlierein 
he shall specify the rcsixlt of the analysis. 

14. The iiersun puicliasing any article with the intention of submitting the same to 
analysis shall, after the purchase shall liavo boon completed, forttiwith notify to the 
solhu’ or his agent selling the article his intention to have tlie same analysed by the 
public analyst, and sliall [oiler to] divide the articlo into throe parts to l»o then and there 
sojtamted, and each ]iart t4» be tnarked and scaled nr fastened u]> in such manner as its 
nature will permit, and shall, if required to do so [proceed acoordtngly, and shall], deliver 
one of the mrts to the seller or his agent.* 

He sliull afterwards retoin one of tlie said parts for future comparison, and submit 
the third (sirt, if ho deems it right to have the article analysed, to the analyst. 

[ir>. Retiealcd by Sale of Food and Drugs Act, 1899. J 

10. If the analyst do not reside w'ithin two miles of the residence of the jiCTSon 
requiring tbc articlo to be analysed, such article may be forwarded to the analyst through 
the p(»t office us a registered ‘Metier,subject to any r(.‘gnlatiuns which the Pristmaicor* 
General may make in reference to the carrying and delivery of such an article, and the 
chaige for the postage of such article shall be deemed one of the oharg(.3 of tills Act, or 
of the prosecution, us the case may be. 

17. If any such officer, insjtoctor, or constable, as above described, shall apply to 
puroliase any articlo of fo^ or any drug exposed to sale, or on sale by retail on any 
]jrciniBcs, or in any shop or stoms, and shall tender the price for the quantity which he 
shall require for the purpose of analysis, nut being more than shall be reasonably requisite, 
and the person exposing the same for sale shall refuse to sell the same to such officer, 
inspector, or constable, such person sltall be liable to a penalty not exceeding ten pounds. 

18. The cortiticate of the analysis shall bo in the form set forth in the schedule hereto, 
or the like ellect 

19. Every analyst appointed under any Act hereby rejiealed or this Act shall report 
quarterly to the authority appointing him the number of articles analysed by liiui under 
riiis Act during the foregoing quarter, and shidl specify the result of each analysis and 
the sum paid to him in iH3si)oct thereof, atid such report shall be presented at the next 
meeting of the authority appointing such analyst, and every such authority shall 
annually transmit to the Local Government B(»rd, at such time and in such form as the 
Board shall dii'ect, a oertiiied copy of such quarterly report. 

Proceedings against Offenders^ 

20. When the analyst having analysed any article shall have given his certificate of 
the result, fiom which it may appear that an offence against some one of the provisions 
of this Act has been committed, the |)erBon causing the analysis to be made may take 
proceedings for the recovery of the penalty herein imposed for such offence, before any 
justices in petty sessions assembled Having juriadicrion in the place where tha article or 
drug sold was actually delivered to the purchaser, in a summaiy manner. 

Eveiy i»nalty imposed bv this Act shall bo recovered in England in the manner 
prescribed by the eleventh ana twelfth of Victoria, clupter forty-three. In Ireland such 
penalties and pi'oceedings shall be recoverable, and may be taken with respect to the 
{lolice district of Dublin metropolis, subject and according to the provinons of any Act 
regulating the powers and duties of justices of the peace for such district, or of the police, 
of such dutrict; and with respect to other parts of Ireland, before a justice or justices 

1 The words la hrariceU have beeu repealed by section IS SWe of Food and Drugs Act, 1B99, p. fiM. 
9 Tot “ letter,*' the wenrd " parcel" is to be substituted by section U Sale of Food and Drofi^ 
^ 1889. 
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tnt peaoe sitting in petty sessions, subject and according to the provisiouB of *' The Petty' - 
Sessions (Ireland) Act, 1851,’* and any Act amending the same. . 

Every penalty herein iuijtosed may be traced or mitigated ooourding to the judgment 
of tho justices. 

21. At tlte hearing of tlic information in such jo'ocoodiijg the ]»ro(luction of the 1 

certilicate of tlio analyst slmll be sufficient evidence of the facts tlieroin stated, unless the ^ 
defendant shall require that the analyst shall be called us a witness, and the jwirts of the 
article retained by the person who purchased the article shall be produced, and the an 
defendant may, if ho tlnuK lit, tender Wiself and his \vifc to be exaininod on his behalf, Jw 
and he or she shall, if he so desire, be examined aocoidingly. ^' 4 - 

22. The justices before whom any ctmiplaint may be made, or tlie court before whom 
any appeal may bo heai-d, under this Act may, upon the rwjuest t>f either iwniy in their 
discretion, cause any article of food or drug to be sent to the (Jomiuissioiiei's of Inland 
Kovenue, who shall thei'oupon direct the chemical officers of their de{)artn)eutat Somerset 
House to make the analysis, ond give a ccrtilicatt! to such justices of tlie result of the 
analysis; and the expense of such analysis shall be ^Ktid by the complainant or the - 
defendant as thu justices may by order dii’ect 



rcpeah’i 
quarter s 

whemin such conviction shall have been made, pitivided that such ]>erson enter into a 
reeognisanco within three days next after such conviction, with two sufficient suToties, 
conditioned to ti^ such appeal, and ^o be forUicomiug to abide the judgment and 
determination of the court at such general or quarter sessions, and to pay such costs as 
shall be by such court awarded ; and the justices liefoi'c whom sueh conviction shall be 
had arc liei'eby empowered and required to take sucli recognisance; and the couii at 
such general or nua:^r sessions are hereby requiri'd to hoar and determine the matter of 
such ajipoal, and may award such cimts to the party appealing or ap^icaled against as 
tliey or he shall think proper. 

^ III Ireland any jiemou wno has been convicted of any ofleiice pnnisbable by this Act M 
may ajqie^ to the next court of miarter sessions to be held in the same division of the ^ 
courl*y wheixi tiie conviction shall be made by any justico or justices in any i>otty sessions 
distiict, or to the recorder at his next sessions wlutro the conviction shall ho made by the' 
divisi<»nal justices in the police district of Dublin inotrojiolis, or to the rccoiiler of any 
oor|)orate or borough town when the conviction shall be mode by any justice or justices 
in sucli corporate or borough town (unless when any such stolons sludl ca»mmouco within 
ten days from the date of any sueh oimviction, in which case, if the appellant sees tit, 
the apjieal may be made to tlio next suo<^iiig sessions to bo hold for such division or 
town), and it shall be lawful for such couil: of quarter sessions or recorder (as the case 
may be), to decide such aupoal, if made in such form and manner and with such notioos 
as ara required by tlie said Petty Sessions Acts I'esjiectively hereinbefore mentioned as to 
apftoals a^inst orders made by justices at petty sessions, and all the ^^rovisions of 
said Petty Sessions Acts respectively as to making apjieols and as to executing the orders 
made on a]meal, or the original orders where the ap^ls shall not be duly pi-oseoutod^, 
•and shall also apply to any appeal mode under this Act , 

24. In any iiroseoution under this Act. where the fact of an article having bora } 

sold in a mixed state has been proved, if the defendant shall desire to rely upon any j 
exception or provision contained in this Act, it shall be incumbent upon him to prove ! 
the same. i 

25. If the defendant in any prosecution under this Act prove to the satisfaction of the 1 
justices or court that ho bad purchased the article in question as the same in nature, J 
substance, and quality as that demanded of him by the prosecutor, and with a written' 
waiTsnty to that effect, that he had no reason to believe at the time when he sold it that.^ 
the article was otlierwise, and that be sold it in the same state as wbou he purchased itL 4 - 
he shall be dhichaiged from the prosecution, but shall be liable to the costs incurred' ^^ 
by the prosecutor, unless he shail have given due notice ^0 him that he will rely on the, >' 
above defence. 

26. Eveiy pnally imposed and recovered under this Act shall be jiaid in the case ofi 
a prosecution oy any omcer, inspector, or constable, of the autliuri^’ who shall have'^ 
appointed an ai^yst or agreed to tlie acting of mi analyst within tlicir district, to such! 
officer, insxiectoT, or constable, and shall be by him pmd to the authority for whom 
acts, and be applied towards tiie expense of executing this Act, any Statute to th^w 
. oontrary notwitnstanding; but in the case of any other prosecution the same shall bajH 
paid ana applied in England a&oording to the law roeulating the apxdication of xxmaltiai 
fbr offences punishable in a somma^ manner, and in Ireland in the manner direotel 
Igr tile fines Act, Ireland, 1851,’^ and the Acts amending the same. 


9 /. Anv pereun woo 8001.1 ivr}$ 6 , or bjdbu uirer, juiowing 11 10 ue lurgea sor.xin 

S loses of tnis Act, auy certificate or any writing purportiug to contain a warran^^ 
I be guilty of a misdemeanor and be imnishable on conviction by imprisonment m 
term of not exceeding two years with liara labour; 

Every person who shall wilfully apply to an articlo of food, or a dnig, in any pro 
xsdings under this Act, a certificate or warranty given in relation to any other article 
rug, ^ull be guilty of an offence under this Act, and bo liable to a penalty not exceeding 
venty {Kninds; 

Every peiBou who shall givo a false warranty in writing to any puinhaser in respoci 
r an articlo of AmhI or a drug sold by liini as [»rinci|ial or agent, slmll be guilty of av 
fience under this Act, and be liable to a penalty not exceeding twenty pounds ; 

And every person who shall wilfully give a fable with any article sold by him whiol 
liall fidsely dcHcrilio the article sold, shall ha guilty of an offence under this Act, and b< 
able to a {Hmalty not exceeding twenty jiouiids. 

28. Nothing in this Act contained shall affect the power of proccerling by iudiotmont 
r take away any other remedy against any offender under this Act, or in any way inter 
3re with contmets and Imrgains botwehu individuals, and the rights and rom^ei 
elonging thereto. 

Piuvidod that in any action bmuglit by any person for a breach of contract on the saL 
f any article of finid or of any <lrng, such iiemnn may recover alone or in addition to eni 
ther damages reoovcwhle by him the amount of any iiciialty in which he may have boei 
ODvictod under this Act, together with the costs {laiil by him U|ion such e^onviction an( 
hose incurred by him in and about Ins defence thereto, if he prove that the article 0 
Irug the subject of such conviction was sold to him as and for nii article or drug of tb 
ame nature, substance, and quality os that which was demanded of him, and that h 
mrehosed it not knowing it to be otherwise, and afteiwards sold it in the same state ii 
vhich ho purchased it; the defendant in such action being nevertheless at liber^ t 
irove Umt the couvictiou was wrongful, or that the amount of costs awarded or claims 
ros unreasonable. ^ 

Sjcikhats of ExeciUing thi Act. 

2fi. Thu expenses of executing this Act shall Iki borne, in the city of^ondou and th 
ibertics thereol', liy the consolidated mtes raised by tiie Commissioners of Sewers of tb 
ity of Loncion and the liberties tlieroof, and in the rest of the nietmpolis liy any latcs 0 
uuds applicable to the puriioscs of the Act for the better local management of th 
netropoliH, and otherwise as iigards England, in counties by the county late, and i 
wrougbs by the borough thud or rate; 

And as nmards Ireland, in counties by the grand jury cess, and in boroughs by th 
borough fund or rate; all such expenses ^layable in any county out of grand jury cet 
iball be |taid by trci^urer of such county; and 

Xhe gmnd jury of any such county shall, at any assizes at which it is proved tliat an 
ntch expenses have been iiieunx'd or paid without previous application to presentmei 
sessions, present to be raised off and paid by such county tlie moneys require to defra 
lyhesamo. 


Special ProvUion os to Tea. 

80. From ami after the first day of January one thousand eight hundred and sevrat 
six all tea imported as merchandise into ana lauded at any |K>i‘t in* Groat Uritain 
Ireland shall be subject to examination by persons to be appointed by the Comniissione 
of Customs, subject to the approval of the Treasury, for the inspection and analyi 
tiiereof, for widen puipi^o samples may, when deemed neqessary by such inspectors, 1 
taken, and with all convenient speed be examined by the analysts to be so appointei 
and if u]ion such analyris tbe same shall be found ^ be mixiKi with other sulietanoes 
exhausted tea, the same shall not be delivered unless with the sanction of the sa 
commissioners, and on such terms and conditions os they sliall see fit to direct, rither f 
home consumption or for use as 8lu}Hi’ stores oi' for exportation; but if on such iuspectii 
and analysis it shall appear that such tea is in the opinion of the analyst unfit fc^ num 
food, the some sliall bo forfeited and destroyed or owerwiee disjxised of in such mans 
as the said commuMioners may direct 

31. Tea to which tlieterm *'exhausted** is applied in this Act shall mean and indu 
any tea which lias been deprived of its proper quality, strength, or virtue by steepu 
infusiofi, decoction, or other means. 

82. POT the puiqioses of this Act every liberty of a cinque port not oomprised wi^ 
jurisdiction of a borough shall be part of the county in which it is sltoatad) | 
to tbe jurisdiotion of the justifies of suoh ootroty. 



In tfhe Application of this Aot to Sobtland the following proTisionB shaU^Mfi 
offset! f.f'^ 

1. The terra “misdemeanor ” shall mean “ a crime or offence: ** 5 

2. The term “ defendant ” shall mean “ defender,” and include * * respondent: ” 

8. The term “information” shall include “complaint:” 

4. This Act shall be read and construed as if for the term “justices,” wherever it occuti 
therein, the term ‘ ‘ sheriff ” were substituted: 

6. The terni “sheriff” shall include **sheriff-substitute: ” 

6. The term “ borough” shall mean any royal burgh and auy burgh returning or con 

tributing to return a member to Parliament: 

7. The expenseaof executing this Act slmll be borne in Scotland, in counties, by th 

county general assessment, and in burghs, bv the police assessment: . { 

8. This Act BDtdl be read and construed as u for the expression “the Local Govemmeh 

Board,” wherever it occurs therein, the expression ‘ ‘ one of Her Majesty’s Principi 
Secretaries of State ” were sXibstituted: 

9. All penalties provided by tliis Act to be recovered in a summary manner shall b 

recovered before the sheiiff of the county in the sheriff court, or at the option b 
the person seeking to recover the same in the police court, in anv pls>c3 where 
sheriff officiates as a police magistrate, under the provisions of “ Ihe Summer, 
Procedure Act, 1864,” or of the Police Aot in force for the time in any place i: 
which a sheriff officiates as aforesaid, and all the jurisdiction, powers, an< 
authoritios necessary for this purpose are hereby oonforred on shenffs: 

Every such penfdty may bo I'ecovered at the instance of the procurator-fiscal c 
the jurisdiction, or of the person who caused the analyses to be made whio 
it appear^ that an otfeuce had been committed against some one of the prevuioc 
of tnis Act 

Every penalty im{M>sed and recovered under this Act shall be paid to the dez 
of court, and by him shdl be accounted for and paid to the treasurer of the count 
general assessment, or the police assessment of the burgh, as the sheriff shall direc 

40. Every |»enalty impost by tliis Act may be reduced or mitigated according to tl 
judgment of the shoriif: 

!!>• It siiafi bj|competent to any person aggrieved by any conviction by a sheriff in an 
summary pi'oco^ing under tltis Act to ap|)oai a^iust tlie same to the next cirCU 
court, or where there are no circuit courts to the High Court of Justiciaty i 
Edinbui^, in the manner prescribed by such of the provisions of the Act of il 
twentieth year of the reign of King George the Second, oha])ty| forty-three, ai 
any Acts amending the same, as rdate to appeds in mattera cnminal, and by ac 
under the rules, limitations, conditions and restrictions contained in the bk 
provisions. 

84. In the application of this Aot to Ireland,^ 

The term “ borough ” shall mean any borough subject to the Aot of the sessh 
of tiie third and fourth years of the reign of Her present Majesty, chapter cH 
hundred and eight, intituled “ An Act for the Kegulation of Municipal Oorporatia 
in Ireland.” 

The term ‘ ‘ county ” shall include a county of a city and a county of a town 
being a borough. 

The term “assizes” shall, witli respect to the county of Dublin, met 
“presenting term.” 

The term ‘ * treasurer of the county ” shall include any jwreon or persons or baJ 
in any county performing duties analogous to those of the treasurer of the couzii 
in counties, and, with respect to the oounty of Dublin, it shall mean the fiaan 
committee: 

The term “ jKilioe constable ” shall mean, with re8|>ect to the police district 
Dublin metroiKilis, constable of the Dublin Metropolitan Police, end vnth respe 
to any o^er part of Irdand, constable of the Royal Irish Oonstabulaty : 

86. This Act shall commence on the first day of October one thousand eight hund:i^ 

and seventv-five. . ' 

86* Tl^ Act may be cited as “ The Sale of Food and Drugs Aot, 1676.” 
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purchased the same from the seller or consignor under section thirteen of the principal 

Act* 

4. The seller or consignor or any iKtrson or {versons outrusted by him for the dme 
being with the charge of such milk, if he shall refuse to allow such oflicer, inspector, or 
constable to take tlie quantity which sucli oflicer, ins|)ector or constable sliall require 
for the purpose of analysis, shall be liable to a penalty not exceeding ten pounds. 

5. Any street or open place of jtublic rosoii: shall be held to come within the meaning 
of section seventeen of tiie )irincipal Act. 

6. In deiertiiining whether an olTonce has been committed under wiction six of the 
said Act by selling, to the prejtidico of the purchaser, spirits nut adulterated othorwiso 
than by the adinlxtui^ of water, it shall bo a good defence to ]»rove that such admixture 
has not reduced the spirit nioi'c tliau twojity-live degrees umli r proof for biundy, whifiy, 
or rum, or thirty-five degn^es under proof for gin. 

7. Every liberty having a 8ej)arate court of quarter sessions, except a liberty of a 
cinque iioit, shall bo doomed to be a county within the moaning of the said Act 

8. Tl;e town council of any borough having a separate court of qmirter sessions shall 
be exemT>t from coiilributiiig l^)wards the expenses incurred in the execution <»f the 
princii>al Act in respect of the county within which such bomugh is situate, and the 
treasurer of the county shall exclude the expenses so incurred j'roiu the account required 
by section on<' hundred and Kevenlecn of the MuniciiMil Corporation Act, 1835, to be sent 
by him to such town council. 

fl. The town council of any boroi^h liaviug under any general or local Act of 
Parliament, or otbeiwise, a se})arate police establishment, and being liable to lie assessed 
to the county rate of the county witMn wbicli the borougli is situate, shall bo (laid by 
the justices of such county the proportionate amount contributed towards the expenses 
incurred by the county in tlie exocntion of the principal Act by ilie several paiishes and 
parts of iiarishes within such borough in res|>eot of the rateable value of tlie pi'operty 
asscssablo therein, as ascertained by tlie valuation liste for the time being in force. 

[10, Repealed by Sale of Food and Drugs Act, 1899.] 

, MARGARINE ACT, 1887. 

An Acrr yon the BErrun Pukvention ov the FkauduijKNT Sale of Maboaeike. 

[50 & 51 Vux, ch. 29.] 

Whkhkas it is exjradient that fuither provision should be made for protecting the public 
against the sale as butter of substances made in imitation of butter, as well of butter 
mixed with any such substances: 

Bo it thei'efoi’e euacttKl by the Queen’s most Excellent Majesty, by and with the 
advice and consent of the LoiyIs Spiritual and Temjioral, and Commons, iu this present 
Parliament assembled, and by the auOiority of the same, as follows: 

1. This Act may be cited as the Margarine Act, 188^ Short $ 

2. This Act shall come into operation on the first day of January one thousand eight Oozo 

hundred and eighty-eight, menfcfl 

3. The worn butter ” shall moan the substance usually known as butter, made DeAatt 
exclusively from milk or ci-eam, or both, with or without salt or other preservative, and 
with or witbout the addition of colouring matter. 

The word “ margarine ” shall mean all substances, whether compounds or otherwise, 
prepamd in imbAtion of butter, and whothei* mixed with butter or not, and no such 
substance shall bo lawfully sold, except under the nmne of mar^rino, and under the 
conditions set forth in this Act 

4. Every person dealing in margarine, whether wliolesale or retail, whether a manu- 
Ikoturer, importer, or as consignor or oonsignee, or as commission agent or otherwise, who 
is found guilty of an offence under this Act, shall be liable on summary conviction for the 
first offence to a fine not exceeding twenty pounds, and for the second offence to a fine 
not exceeding fifty pounds, and for the third or any subsequent offence to a fine not 
woeeding one hundred pounds. 

6. Where on employer is charged with an offence against this Act he shall be entitled, 
ttpmi information duly laid by him, to have any other jierson whom he charge as the 
offender brou^t before tiie 6>urt at the time appointed for hearing tue charge, 
fmid if^ after the commission of the offence has been provM, the employer proves to tiie 

1 The leading case of M'Nair v. Cteve, XLB.D., hMrd before tlie Lord Chief Jfutioe and Willi and 
" ^ apbell, JJ. {Timei, Got. so. 1002), Uye down riear^the law that an Inspector can only take 
»plu under section three in his omi district and must submit such suiii^es to the analyst {^pointed 
t sudl district. Milk, for example, consigned to 8t I^neras Station for distribution by retail In 
^ can only be sample an^ audyied by the St Panoras inqieotor and the St PanoM 



' «atis&otio& of the Court that he had used due dilisenoe to enforce the execut|<^ ^ 
Act, and that the said other person had committed the offence in question without.'] 
^owledge, consent, or connivance, the said other |»ei'son shall be summarily oonv ' ^ 
such offence, and the employer shall be exempt from any penalty. 

6. Every i)er8on dealing in margarine in the manner described in the preceding sect^ 

shall conform to the following regulations: ^ 

Every itackago, whether o])Gn or closed, and containing margarine, shall bo branded 
or durably moiked Margarine on the to)), bottom, and sides, in printed capital letters, 
not loss than thi'cc-quarters of an inch square; and if such margarine be exposed for sole, 
by retail, there shall be attached to each |Nircel thereof so ex|>osed, and in such manner 
as to be clearly visible to the purcliaser, a label marked in printed Capital letters not leu 
than one and a half inches square, Margarine ”; and every iiemon selling margarine by 
retail, save in a }>ackago duly branded or durably marked as aforesaid, shall in every case 
deliver the stmie to the purchaser in [or with] a |)aper wrapjier, on which shall be printed 
in capital letters, not less than a quartca of an inch square, “ Margarine.”^ 

7. Every [sirson dealing with, selling,*or exposing, or olfering for sale, or having in 
his possession for the purpose of sale, any quantity of margarine contrary to the provisions 
of tills Aot, sltall bo liable to oonviclion for ati oAenco ugiunst this Act, uuleut he shows 


to the satist'aclion of the court before wliom ho is charged that ho purchased the article in 
question oh, butter, and with a written warranty or in voice to that effect, that lie had no 
reason to believe at the time wlicn he sold it that the article was other than butler, and 
that he sold it in the same stale as when he jmrehased it, and in such case ho shall be 
discharged from the prosocution, but shall be liable to pay the costs incurred by the 

J trosocutor unless he shall have given due notice to liim that he will rely upon the above 
Irfeiice. 

8. All margarine imported into the United Kingdom of Great Britain and Ireland, 
and all margarine, whether imported or manufactuiTd within the United Kingdom of 
Groat Britain aud Ii'claud, slmlf, whenever forwarderl by any public conveyance, be duly 
consigned as margarine; and it shall be lawful for any officer of Her Majesty’s Ouatoms 
or liuaiid Roveiine, or any medical officer of health, inspector of nuisances, or ^police 
constable, authorised under section tliirteen of the Sale of Food aud Drugs Act, 1876, to 
procure samples for analysis if he shall have reason to believe that tbc provision^ of this 
Act am infringed on tins behalf, to examine and take samples from any jiockage, aud 
ascertain, if necessary, by submitting the same to be analysed, whether an offence against 
this Act has been committed. 

9. Every manufactory of margarine within the United Kingdom of Great Britain and 
Ireland shall be register^ by the owner or occupier thereof with the local authority from 
lime to time in such manner as the Local Government Boards of England and Irdand 
aud the Secretary for Scotland respectively may direct, and every such owner or ooouwe! 
oacrying on such manufacture in a manu^tory not duly registered shall be guilty of ai) 
offence under this Act 

10. Any officer authorised to take samples under the Sale of Food and Drugs Acts, 
1876, may, without going through the form of purchase provided by that Act, but other 
wise acting in all rosiiects in accordance witli the provisions of the said Act as to dealing 
witli samples, take for the purposes of analysis samples of any butter, or substanoei 
]mrportiiig to be butter, whi^ are exposed for sale, and are not marked Margarine, a^ 
provided by this Aot; and any such substance not Wng so marked shall be presumed 
DO exposed for sale as butter. 

) 11. Any part of any penalty recovered under this Act may, if the court shall BO direi^ 

be ]>a!d to tlie person who prices for the same, to reimburse him for the legd costs ^ 
obtaining the analyas, and any other reasonable ex[)enBe8 to which the Court sb^ 
consider mm entitled. • ■ 

12, All proceedings under this Act shall, save as expressly varied by this Aot, be tli< 
same as jirescribed by sections twelve to twenty^eight molusive of the Sale of Food a&^ 
Drugs Act, 1876, and all officers employed under that Aot are hereby empowered aae 
required to carry out the provisions of tliis Act. 

18, The expref^iun ’’localauthority” shall rawn any local authority authorited ti 
appoint a public analyst under tlie Sale of Food and Drugs Aot, 1875. 


t The words tu braoiuu are repealed by aemioa 6 (8) Sale ol Food imd Drags Aot, 1899, p. 898 




SALE Of HORSEFLESH, be. REGULATION ACT, IBSB. 

As Aca; I'd bsowlatr thk Sals or Homsflsbh for Homas Food. 

[62 i 63 VlCT., ch. U.] 

tl'iiEESAS it is desirable to make vegulatlons with respect to the sale of horseflesh for 
human food; 

Be it therefore enacted by the Queen’s most Excellent Majesty, by and with the advice 
Slid consent of the Lords Spiritual and Tein]H)rul, and Commons, in tliis present Parlia¬ 
ment assembled, and by the authority of the same, as follows: 

1. No person shall sell, olfor, expose, or keoii for sale any horseflesh for human food, Bigwt 






j!Sr¥'' AsifiTsK.^ 



liently 


SALE OF FOOD AND DRUGS ACT, 1899. 

An Aut to Amknd tub Law ublatino to thb Salb of Food and Drugs. 
t82&63Vi0T.,ch. 61.] 

Bk it cnootod by the Queen’s most Excellent Majesty, by and with tlie advice and eonseat 
of the Lords Spiritual and T<'mporaI, and Cotnuions, lu this pi'useut Parliuniunt assembled,. 
and by the authority of the sanio, as follows:— 

If there is imported into tho United Kingdom any of the following articles, 

namely 

(a) margarine or margarine-obeese, except in packages conspicuously marked 
“Maigarino” or “Maigarine.-cheese,” eia the case may require; or 

(d) adulterated or impoverished butter (other than margarine) or adulterated or im* ' 
poverishod milk or cream, exoe])t in packages or cans conspicuously marked with | 
a name or description indicating that the butter or milk or cream has been bo « 
treated; or 

(c) condensed eeparatod or skimmed milk, except in tins or other receptacles which 
bear a label whereon the words Machine-skimmed Milk” or “Skimmed Milk,” 
as tho case may require, are printed in large and legible typo ; or 

(d) any adulterated or imnoverished article of food to which Her Majesty may 
Ordor in Council direct that this section shall be applied, unless the same be im¬ 
ported in packages or rocoptacles conspicuously marked with a name or description 
indicating that t he article has been so treated ; 

tho importer shall be liable, on suminai^ conviction, for the first ofTcnco to a fine not 
exceeding twenty pounds, fur the second olfeuce to a fine not exceeding fifty pounds, and ' 
for any subsequent ofibnee to a fine not exceeding one hundred iiouuds. 

(2.) The woid. “importer” shall include any person who, whether as owner, con¬ 
signor, or consignee, agent, or broker, is in iwssession of, or in anywise entitled to the 
custody or control of, tho article; prcraecutious for ofi'euces under this section shall be 
undei'tokcn by the Comiuissionei^ of Customs; and subject to the puvisious of this Act 
this section shall have elTeot as if it wem ]>art of the Customs Consolidation Act, 1876. 

(8.) The Commissioners of Customs sliall, in oocordanco with directions given by the 
Treasury after consultation with tho Board of Agriculture, take such samples of cui^gn-' 
ments (if imported arti(il(;s of food us may be necessary for the enforcement of the fore¬ 
going provisions of this section. 

(4). Whore the Commissioners of Customs take a sample of any consignment in 
pursuance of such directions tliey shall diride it into not less than three parts, and send 
one part to tiie imiKirter an(i one {>art to the principal chemist of tne Government. 
Uboratories, and retmn one part. 

(5.) In any proceeding unuer this section the certificate of the principal chemist of 
tho result of the analysis shall be sufficient evidence of the facts therein stated, unless the 
defendant require tliat the iiereou who made the analysis be called as a witness. 

(6.) If, in any case, the Commissioners of Customs are of opinion that an offeBoa^v 
against this section has been committed, they shall communicate to the Board of 
Agiiculture for their information the name of the importer and such other facts as they, 
[lossess or may obtain as to the destination of the consignment. 

(7.) For the pur^Kises of this section an article of fo(m shall be deCined to be wlultereted. 

)r impoverished if it lias been mixed with any other substance, or if any {jart of it has' 
been abstracted so as in either case to affect iiguriously its quality, substance, or nature. .4 

Provided that an article of food shall not be deem^ tobe adulterated by.reason ojdy.. 
of tile addition of any jireservative or colouriim matter of such a nature and in aim 
quantity os not to render the article injurious to health. 

2.->(L) The Local Goremmout Board may, in relation to any matter appe^g 
that Bo^ to affi^t tlie general interest of the consumer, and the Board of- Agrioultur^ 
may, in relation to any matter appearing to that Board to affect the general interests 
ignculture in the United Kingdom, dii'ect an officer of the Board to procure for aual;;^ ' 
laroples of any article of food, and therein the officer shall have all the powers of pro^ 
mring samples conferred by the Sale of Eood and Drugs Acts, and those Acts shall app^^ 

IS if ue officer were an officer authorised ti> procure samples under the Sale of Food ah$ 
Uiuns Act, 1875, except that-> 

(a) the officer procuring the sample shall divide the same into four parts, and 1 
de^ with three of simh parts in the manner directed by section fourteen of the J 
of Food and Drugs Act, 1875, as amended by this Act, and shall send the t' 
part to the Board, and 





/(&) tlw fee for Bnalysie riiall be payable to the analyst by the local authority 
•S . place where the sample is prwured. 

(2.) The Board shall commnnioate the result of the analysia of any such sample to 
the local authority, and thereupon there shall be the like duty and power on the part of 
;tho local authority to cause proceedings to be taken os if the lo^l authority had caused 
*the uialysis to he made. 

) It shall be the duly of every local authority entrusted with the execution of powar 
the laws relating to the sale of food and drugs to appoint a public, analyst, and put in 
force from time to time, as occasion may arise, the powers with which they are invested, 
so as to provide proper Hccurities for the sale of f(»od and drugs in a pura and genuine Agrlottl ^ 
condition, and in xsirtienlar to direct their oflicers to tak6.SBiu})les for analysis. • act in | .. 

(2.) If the Lo^l Government Board or Board of Agiiouilnre, afttir cominunioation ^ 

with a l(K'ul authority, are of opinion tliat the local antliurity liave failed to execute or ^ 
en foicft any of the juovisions of the Sale of Food and Drugs Ac'ts iu relation to any article 
of food, and tliat their failure affects the general interest of the consumer or the general 
interests of agriculture in the United Kingdom, as the case may be, tlio Board concenied, 
may, by order emiswcr an officer of the Boai'd to execute and enforce those provisions or 
to procure tlie exiKsutlnn and onforcoment thermf in relation to any article of food 
mentioned in the order. 

(3.1 The expenses incurred by the Board or their officer under any such order shall l>e 
treattid as expenses incuri'cd by the local authority in tlio execution of the said Acts, and 
shall be ]iaid by the local authority to the Board on demand, and in default the Board 
may recover the amount of the ex})ensos with costs from the local authority. 

(4.) For tlie purposes of tliis section an order of the Board shall bo conclusive in re* 

-spect of any default, amount <.>f expenses, or other matter therein stated or appearing. 

(5.) Any ]mblic analyst appointed under the Sale of Food and Drills Aula shall 
funnsh such proof of competency m may from time to time bo required by regulation 
fmmed by the Local Government Board. 

4. —(1.) The Board of Agriculture may, after such inquiry as they deem necessary, Powerfi 
makc%ogulivtioii8* for deteiinining what (feticioncy in any of the nonnal constituents of 
genuine milk, cream, butter, or cheese, or wliat addition of extraneous matter or jiro* 
portion water, iii any sample of milk (including oondenstsi milk), oroain, butter, or tlous^toM 
cheese, shall for the pur}) 0 &es of the Sale of Food and Di'ugs Acts raise a presumption, 
until the contrary is proved, that the milk, cream, butter, or cheese is not genuine or is 

''injurious to health, and an analyst shall have regard to such regulations in certifying the oheoS^^I 
result of an analysis under those Acts. 

(2.) Any regulations made under this section shall be notified in the >jondou and 
Edinburgh Gazettes, and shall also be made known m such otiier manner as the Board of 
Agriculture may direct. 

5. The provisions of the Margarine Act, 1887, as amended by this Act, sliall extend BxU 
to maTi^rine*che<»e, and shall apply accordingly, with the substitution of “margarine- 
(iieese” and “cheese” for “margarine” and “butter,” and provided that all margarine- 
oheose sold or dealt iu uthorwuMi than by retail shall either be inclosed in packages marked ohi 
in ucoordauce with the Margarine Act, 1887, as amended by this Act, or bo itself con- 6041^^ 
.spicuously branded with the words margarine-cheese.” 

6 . —(1.) Where under this Act or the Margarine Act, 1887, it is required tliat any Mai 
package containing margarine or margarine cheeBe shall be branded or marked, the bmnd ^ 
or mark shall be on the package itself and not solely on a label, tioket, or other thing 
attached th^to. 

(2.) The letters required to be printed on the paper wrappr in which margarine or 
margarine-cheese is sold shall be capital block letters not less than half an inch long and 
distinctly legible, and no other printed matter shall appear on the wrapper. 

(3.) Thewords“orwith”in section six oftheMar^pkrine Act, 1887, shall be reeled. 

7. —(1.) Every occupier of a manufactory of margarine or margarine-cheese, aua every prs^ 

wholesale dealer (n such substances, shall keep a register showing the quantity and destina- to^ 
tionofeachoortignment of such substances sent out from his manufactory or place of jj* 
bnsittess, and this register shall be open to the inspection of any officer of the Board of ^ 
Agriculture. i 

y'. (2.) Any officer of the Board of Agriculture shall have power to enter at all reasonable < 
crimes any manufactory of margarine or margarine-cheese, and to inspect any process of 
'. manufacture therein, and to take samples for analysis. 

(8.) If any such occupier or dealer» 

(a) fuls to keep such a registor, or 

(i) refuses to produce the registor when required to do so by an officer of the Board 
of Agriculture, or 

^ Ihe regalatimi iqmIs under tills seGtion wiU be found at pp. IS, 46. 






^ 0 } fa^ to keep the re^ster |K^ted up to date, or 

(d) wilfully makes any entry in the I’egister whicii le laise in any parncuiar. ^ff 

(e) fraudulently omite to enter any x)ardoular which ought to oe enterea in ^ 
register, 

ne shall bo liable on summary conviction for tlte first offence to a fine not exceeding tez 
pounds, and for any subsequent offonce to a fine not exceeding fifty pounds. 

(4.) The provisions of section nine of the Margarine Act, 1887, r^atiug to re^tratiot 
of manufacturi^ sliall extend to any premises wlierein the business of a wholesde deale: 
in margarine or matgariuC'cheese is carried on. ^ 

(5.) The registradou of a niaiiufactoiy or other premises shall be forthwith notilied 
the local authority to the Board pf Agriculture. 

8 . It sliall be unlawful to manufacture, sell, expose for sale, oi‘ import any margarine 
the fat of whicli contains more than ten per cent, of butter tut, and every person whi 
manufactures, sells, exposes forsalc, or imjairts any margarine which contains more tbai 
that jiercentage, shall ne guilty of an offence under the Maigarine Act, 1887, and am 
defeuoe which would lie a defence under secdon seven of that Act sliall be a defence unde 


defeuoe which would he a defence under secdon seven of that Act shall be a defence unde 
this section, and tlie provisions of the fpmier section shall apply accordingly. 

Provided that iiotning in tliis secdon shall apply to any mainline manufactured o 
imiHirted in i'uliilment of any contract Itiade befora the twentieth' day of July one thousam 
eight hundred and uiiiety'imie. 

9. Every peiinm who, himself or by Ids servant, in any liighway or jilaqs^of publi 
. resort, sells milk or cn^am fixim a voliicle or from a 04iu or other receptacle shall huv 
1 conHpicuoiisly inscrils^l on tho vehicle or I'ooeptaolc his name and arldrcss, and^in defaul 

shall be liable on stimmaiy conviction to a fine not exceeding two fiounds. 

10. In the case of a sample hiken of milk in coui'se of delivery, or of iSi'gavine o 
^ ntargariiie>chocse foiwaided by a public conveyance, tho person taking the sani{>le shai 
^ forward by registoi'od jiarccl oj‘ otlierwiso a pordou of tlic sample mariced, and scaled, c 

fastened up, to the consignor if his name and addrass appear on the can or packog 
containing the article sampled. 

11 . Every dii or other i^eptaclo containing condensed sejiarated or skimmed-mil 
must bear a label clearly visible to tlio purchaser on which the words “ Machiue*skinune 
Milk,’* or “ Skimmed Milk,” as the case may i-equire, ara printed % large and lo^bl 
typo, and if any ]ku'sou sells or ex^Kises or offers for sale condensed separated or skimme 
milk in contravention of this section he sliall be liable on summary conviction to a fin 
not exceeding ton pounds. 

12. The label inferred to in section eight of the Sale of Pood and Drugs Act, 1871 
shall not ,be deemed to be distinctly and Tegibly written or piiutcd within tho meanin 
of that section unless it is so written or xtrinted tluit the notice of mixture given by tt 
label is not obscured by other matter on the label: Provided that nothing in this cnac' 
ment .shall hinder or affect the u^ of any registered trade mark, or of any label whio 
has been continuously in use for at iemit seven yean before the commencement of 
Act; but the Comptroller-General of Patents, Designs, and Trade Marks shall uotiegiati 
any trade mark purx>orting to desciibe a mixture unless it complies with the requiramen 
of this enactment. 

18. In section fourteen of the Sale of Food and Di-u^ Act, 1875, the woitis ** offer to 
and the woida ‘‘ x^roceed accordingly and sliall ” shall be rei^ealed. 

14. Tlie provisions of section three and section four of the Sale of Food and Dnu 
Act Amendment Act, 1879 (relating to the taking of samples of milk in course of <{ 
lively), shkll apply to evoiy otlier article of fooa: Provided that no samx>les shall 1 
taken under this section except ujkiu the request or with the consent of the purcliuer < 
consignee. 

15. In section sixteen of the Sale of Food and Drugs Act, 1875, the words ‘‘registeiji 
Xwrcel ” shall be substituted for the words “ registered letter.” 

16. Any person who wilfully obstmets or imiiedes any inspootor or other officer in ti 
I course of his duties under the Sale of Food ana Dings Acte, or by any gratuity, brib 

promise, or otlier inducement x>revents, or attempts to prevent, the due execution by stu 
inspector or officer of his dnty under those Acts, shall m liable, on summary oonnctioi 
for the first offence to a fine not exceeding twenty pounds, for the second offence to a fii 
not exceeding fifty xiouuds, and for any subsequent offence to a fine nut exceeding oi 
hundred pounds. 

17. ‘~nI0 Where, under any provision of the Sale of Food and Drugs Aot, 1875, 
person guilty of an offence is liable to a fine which may extend to twenty pounds as 
^inoximum, oe shall be liable for a second offence under the same provision to a fine A 
‘^ceedlng fifty pounds, and for any subsequent offence to a fine not exceedii^ '^ 
.thuudred pounds. 

(2.) Where under any provision of the Sale of Food and Drugs Acts, a person 



ffibl*'to »'Jne MOMding pounds, and tlw offence, m A» 

Oj^OT^ittedby the poisonal act, default, or ™ I?’’'® ^ti^^nnrS • 

KZ tlTt person ahil be liable (if the court is of opinion “ ® hue wHUot 
^^JunstaSof the case) to imprisonment, witli or without hard labour, for a [len 

KrNottVd“™thing in section seventeen of the Sale of Food and ArtW« 
1876 wS my S of f(^ or drag is exposed for sale in an unoi>on^ to or 
duly labelledf no person shall be required to sell it except m the unopened to ^ M 

*^T 2 l‘ln?ny ™SnTnder the .Sale of F,s)d and Dm® Acts the —™ 

tlia Sale of Food Olid Driigs Acts nnless the defendant has, within soven days aftei 

' .'■“‘(2 )°The Pu W whiSwarranty or invoice is alleged to have b«en M " 

■•be intttM Cappeir at the hearing and to give evidenco, and the court may, if it 

thinklt, do so without any such request _ ... g po^d 




. 




590 ? !W>W:'TH™'COMPOStTIOK AND ASitYttSi’’ 


teitl-Oovem- 
iM^Board. 
Ication 
id. 


bii«n^tR- 
|oa ofteriim. 


'«/.Mnltton of 


£ ..IMpeal ot 
^•fnlwtinentR in 


V’jaba^tlUe 

com* 

.ftteneamoQt. 
A soviet. 

l-;:a*48Vict. 

Oft 61 Viet. 


vested in or imi)Osed on the Seoretaiy for Scotland in relation to the Sale of Food ii£d-i 
Di'ugH Aota Bliall be transferred to, v<»tod in, or imposed on the Local Governmesir 
Board for Scotland. 

24. This Act shall apply to Ireland with the substitution for "the Board of AgH* 
culture’* of "the Department of Agriculture and Technical Instniction for Iieland,** and 
for "the Local Government Boai’d” of "the Tiocal Government Boanl for lindand.^and 
for " the Tx>ndon and Kcliiiburgh Gazettes’* of " the Dublin Gazette.” 

2.'>. In this Act, unless the context otherwise requires— 

The expnission "inargai'iiie-checse” means any substance, whether compound or 
otherwise, which is ])rot)ared in imitation of cheese, and which contains fat not 
derived from nulk: 

Tlioexpression "cheese” means thesnbstunc<( usually known as cheese, containing 
no fat derived otheiwise than from milk: 

The expression "local autliority” means any local authority authorised to appoint 
an analyst for the ptii'posc.s of the Sale of Food and Dntgs Acts, and the ex¬ 
pression "public analyst” means an analyst so apistiiited : 

Other expressions have the samejneaniiig as in the i4ie of Food and Drogs Acts, 
and an oil'ence under this Act shall be treated as an od'ene/! under those Acts. 

26. For the jmrposes of the Sale of Food and Drugs AcIj^, tlio expimsion "food ” shall 
iiu'ludo cveiy article used for food or drink by man, other than drugs or water, and any 
iirti<‘1e which uixlinarily outers into or is uso(l in the ooinpusitiou or propamtion of liutuan 
fotsl; and shall also includo flavouring matters and condiments. 

27. The omictnicnts in the schedule U» this Act arc hereby rojiealfid to the extent 
inenlioued in the third column of that schedule. 

28. — (1.) This Act may be dtod as the Sale of Food and Drugs Act, 1899, and the 
Sale of FofKi and Drugs Act, 1875, and the Sale of Food and Drugs Act Aineiidinent Act, 
1879, and the Margarine Act, 1887, and this Act may be cited collectively the Sale of 
Food and Drugs Acts, 1876 to 1899, and are in this Act rofei red U* as tho Sale of Food 
and Drugs Acts. 

(2.) This Act shall come into oi>ciutioii on the first day of January one thousai^ nine 
hundred. 
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BUTTER AND MARGARINE ACT, lfl07. 

An Act to make fiikther provision with respect to the Manufacture, 

Importation, and Sale of Butter and Mauuarine and similar Substances. 

[7 Ei)w. 7. ch. 21.] 

Be it enacted by the King^s most Excellent Majesty, by and with the advice and consent 
of the Loids Spiritual and Temporal, and Comnioiis, in this present Poidiamont i^sembled, 
and by the uutlioriLyior the same, as follows:— 

1. —(1.) The provisions of s('ction nine of the Margarine Act, 1887, os amended by Regietratton 
siKilion fioveu of the Sale of Fo(»d and Drugs Act, 1899, relating to the registration 

mannfactories of margarine, shall, witli the nocesaai’y adaptaliniis, apply to— nIenS”***"* 

(a) Butter factories, that is to say, any preiuises on wuich by way of trade butter is 50 & Kl Viet, 
blended, reworked, or subjected to any other treatment, but not so as to c«ise to ^ 

tebnlfwiaml 

(//) any [tremises on wbicli there is maiiufacinrvd any milk-blended butter (that is to ‘ ’ 
say, any mixture ])roduecd by mixing or bleinling butter with milk or cream (other 
than ooiidens<'d milk or cream) or on which there is carried on the business of a 
wholesale dealer in milk-blended butter. 

(2.) The provisions of section soven of the Sale of Food and Drugs Act, 1899, relating 
to registers of consignments of margarine, shall, with the necessary ada^ttations, ap{>ly 
to consignments of milk-bleiidod ImtU'r. 

(8.) Iheinlses shall not be used as a bntUu' factory if they form part of or communi¬ 
cate, otlierwise than by a public street or road, witli any otlier )>reniisos wdiicb are 
required to be registered under the Sale of Food and Drugs Acts or under ))arugra)>h {b) 
of this section, and if any iiremises are so ustd the occupier thereof shall be guilty of an 
olleucQ under this Act, and the local authority shall remove from the register of butter 
factoiica knjit by them any ])remises used as a butter factory contiury to this provision: 

Provided thot this subsection shoU not apply to premises which on the first day of 
.fannaryaont thousand nine hundred and seven were being used as a butter factory and 
formed i)art of or cuminnnicated with premises which were then registered under thit 
Sale of pochI and Drugs Acts, if and so long as the Board of Agriculture and Fisliories 
so direct. 

2. —(1.) Any officer of the Board of Agriculture and Fisheries or of the Local in^etloaoj 
Oovemment Board slioU-liavo iiower to enter at all reasonable times aiJ^ prcniiises 
register^ under the Sale of Food and Drugs Acts or this Act, and to inspect any process 

of manufactiire, blending, reworking, or treatment used therein, and to Uke sani]>lcs for 
analysis of any butter, margarine, margarine cheese, milk-blended butter, or of any 
ailiicle capable of being used in the manufacture, treatment, or adulteration of any such 
article as aforesaid. 

(2.) An officer of a local autliority who is authoriRed to procure samples under the 
Sale of Food and Drugs Acts shall, if specially authorised in that behalf by the local 
authority, have the like powers of entry, inspection, and sampling as regards any 
premises registered with the authority as a butter factoiy. 

(8.) If tlu* Board of A^culture and Fisheries have reason to believe— 

(а) that on any unregistered promiaos there is carried on any proi-ess of manufacture, 
blending, reworking, or treatment or any wholeaale dealing which under the Hale 
of Food and Drugs Acts or this Act cannot be carried on except on rcgisUi-ed 
premises; or 

(б) that on any premises butter m by way of trade either made or stored, and tliat 
for the purposes of those Acts insjiection is desuahle, 

the B^rd may specially authorUe any officer of the Board to enter the premises, and in 
such case the officer shall have the like jicwers of entry, inspection, and sampling as if 
the premises we'-e registered. 

(4.) 'Where under this section a special authority is required, an officer of the Board 
or of a local authority sliall not be entitled to exemise any of bis |>ower8 under this 
section unless, if so requested by or on behidf of the occupier of the premises to be 
entered, he produces his authority. 

(6.) Subsection (2) of section seven of the Sale of Food and Drugs Act, 1899, is 
hereby repealed. 

8.—If any substance intended to bo used for the adulteration of butter is found in any 
■ butter factory, the occupier of the factory shall be found guilty of an offence under this 
Act, and if any oil or Cat capable of bein^ so used is found it shall be deemed to be 
intended to be bo used, unless the contrary is proved. 
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4. • •(!.) If any butter which, when {>rei)arod for sale or consignment, contains more 
tlian sixtiion per cent, of water is in any butter factory, or if any margarine which, when 
I)re|Kin‘d Ibr sale or consignment, cjmlains more than sixtoeii ]>or cent, of water is in any 
iniiigarinc lUclory, or if any such Imlter or margarine is consigned from a butter factory 
or inargariiio factory, the <K5(!U]»ier of lloi factory or cfuisignor, as the case may bo, shall 
(whether the cxcesw of moistui'c is due to udufttiratiun or not) bt? guilty of an otfenco 
under this Act, unless the occupier or consignor juvives to the satisf.ietion of the court 
that the butter or margarine was not made, fjlended, rcjwoi'ked, or treated in the 
faciory. 

(2.) Any person who manufactures, sells, or ex])oses or offers for sale, or has in his 
posH<‘SKiou lor the pur]ms« of sale, any milk-blended butWr wliicth coulains more than 
twenty-four ]»er eeut. of water, shall be guilty of an ojlenco under this Act. 

.^•.-'(1.) Tliere shall be included in the list of ai’ticle.s iiiiportatiou of which is made 
an oireiiec l»y section one of the Sale of Kiiod and Drugs Act, 1899, the following 
iirtieles : ~ 

{r) liutter containing more than sixleim j»er cent, of water ; 

(_/') Margarine containing niort'th&n sixteen per cent, of water, or more than ten per 
cent, of bulttu' fat; 

(^) Milk-l)l(Mul(;d butU'i’ containing more than twenty-four jier cent, of wafer ; 

(/<) Milk-blonded butter, except in paekages eonspieuou.dy muikc'd with such name 
as may be ajiproved by the lioaril of Agriculture and Fi.sln-i-ies for the purpose ; 

(j) lfuUc*r, margarine, <ir milk-blended butt<*r which contains a preservative pro- 
liihiled i>y any regulation made nmler this Act, or an amount of a preservative in 
exce.ss of the limit allowed by any such ix^gulation ; 
and in the said seelioii the worefs “atlulU'iuU'il or impoverished butter (other than 
margarine) or," and the words “butter or" shall bi^ repealed. 

(2.) The maximum fine for an offence under the said section one, as amended by this 
seeliou, shall, where the article in res]ject of which the olfcmje was commilte«l is butter, 
margarine, margarine cheese, or milk-blended butler, be eillier such as is provided in the 
said section (Uie, or, at the election of the CommissioTiera of f'ustoms, a fine equal 1»» the 
val III'of tlie goods imported bearing the same mark or description, to Im? estimated and 
tlvken accoixling to the lute and price for which goods of the like kii 1 but uie best 
quality were sold at or about tbe time of the importation. 

(•>.) In any proceeding under the said section one as amended by tliis seetiou the 
eertilicale of the prineijial chemist of the Government Laboratories, or, if the jicrson who 
made Gie analysis bc' called os a witness, the evidence of that pei-son, that an importoil 
substance is margarine or milk-blended butter .shall mise a pix'siimjition, until the 
contrary is proved, that the substance is margarine or milk-blended butter, and 
the defendant shall not be entitled to requiivi the pei’son who made the analysis to 
be called as a witness unless h( sliall, at least three clear days before the return 
day, give notice to the prosecutor that he rccpiires his attendance, and deposit with 
the prosecutor a sum sufficient to cover the reasonable costs and expenses of his 
ath'ndaiice, which costs and expenses shall be paid by the defendant in the event of 
his conviction. 

(4.) Where a sample taken under the said section one as amended by this section is 
certified by the princi])al chemist to be margarine or milk-blended butler tbe Com¬ 
missioners of Customs shall u|H}n receiving the certificate forthwith notify the im|M)rter 
lhe.r*‘of. 

6. —The power of making i-ogulations under section four of the Sale of FikkI and Drugs 
Act, 1899, sliall extend to making regulations as to the proportion of any milk-solid 
utln-r than milk-fat in any sample of butter or milk-blended butter. 

7. —(1.) The Local Government Board may, after such inquiry as they deem 
neeeH.><ary, make regulations for prohibiting the use as a preservative of any substance 
H^iciutiod in such regulations in the manufactuixi or preparation for sale of butter, 
margarine, or milk-blended butter, or for limiting the extent to which, either gener¬ 
ally or os ix'gards any luiidciilar substance or substances, preserrotives. may Ik> used 
in the maiiuracture or prepamtion for sale of butter, niaigarine, or milk-blended 
butter. 

(2.) Any regulations made under this section shall be notified in the London, 
Edinburgh, or Dublin Gazette ns the case may require, and shall also be made known in 
such other manner as tbe Local Government Boara may direct. 

(3.) Any person who manufactures, sells, or exiKises or offers for sale, or has in his 
possession for the purinrae of sale, any butter, mar^riue, or milk-blended butter which 
oontains a preservative prohibited by a regulation under this section or an amount of a 
preservative in excess of the limit allowed by any such regulation, shall be guilty of an 
ufi'ence under this Act. 
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8. —If in any wrapper enclosing margarine, or on any package containing margarine, Mu’king of 
or on any label attached to a parcel of margarine, or in any advertisement or invoice of wrappera.&c., 
margarine a^iorsou dealing in margarine describes it by any name oilier than o'tber 
“margarine,” or a name combining tlie word “margarine” with a fancy or other nn^ortne. 
dcw.riptive name approved by the Board of Agrienltun* and Kislierios uml ]>riiitod iu 

I: i»e not larger iban and in tlie same colour as tlie word “ raargariuo,” he sliall bo guilty 
of an oUencp under t bis Act. 

9. —(1.) Milk-blemled butter shall l»c dealt with iimler such name or names as may Regnlatlmi 

be approved by the Hoard of Agriculture and Fishories and nndor the conditions 
applicable to the sale or dcscriplhm of margarine, with tlie substitution of an approved *** 

name for the word “ miivgariiie,” and witli this modificati- n, that, in any casi' wliem, iu 

order to comply with tiiose conditions, the article is delivered to the )mrchaaer in a 
wra^ijier, there shall, iu adtlitioii to tin* approved name, he printed on the wrapjier in 
aucli manner as the Hoanl a]iprii\e such de.scription of Ihe article, setting out the 
])erecntage of inoistinc or water contained therein, as may he approved l>y tlio Hoard. 

(2.) Milk-blended butter, whenever fovwarileti hy any ]*uhlic coineyance, shall ho 
duly consigned under the name which, as respects tlie article coiisignetl, has hooii 
approved hy the Hoani under this section ; snlijeet to tliis moditication, section eight of 
the Margiivine Act, 1887, shall ap]ily to milk-blonded butter in like manner as it apjdics 
to margarine. 

(3.) If any perMui deals willi, sells, or exposes or offers for sale, or has in his 
possessioti for the. purpose of sale, or dewiribes any niilk-hlerided hutbo* eonlrary to tlio 
provisions of tliis section, he shall be guilty of an oll'enei* umler tins Act. but any 
defence wlncli would be a deb'iice under section seven of llie Margarine Act, 1887, as 
respects margarine, shall be- a defence uiulcr this sisdLoii as respects inllk-blended butter. 

10. —A name shall not. be ajiprovwl by the Hoanl of Agriculture an«l Fislicries for use Names of 
in conneelion with margarine if it ivlers to or is suggestive of butter or anytliing margarine, 
connected with tlie. dairy interest, nor shall snob a name lie a]>provcd us a name under ® ‘ 
which inilk-bleiidud butter may be imported or dealt with. 

11. ^(1.) Any person guilty of an olVenee under this Act shall ho liable, on conviction l*onn1tleBfor 
under the Siimmury .lurisilietion Acts bn a (irst ollencc to a fine not e.\ci‘«‘ding twenty offenceB. 

» pounds Olid i n a sr§oiid otfciiee to a fine not exceeding fifty pounds ami for a lliird or 
any Miliseijm-nt ollenec to a tine not cxocefling one hundred pounds, and in cases wliei-o 
imprisonment e-ui he inflicted under section sevent.een of the Sale of Food and Drugs 
Act, 1899, '1 (inch imprisonment as is hy that section authorised. 

(2.) Seetiiin five of the Marg.uine Act, 1887 (which exempts cm])loyors fr »m liability 
in ccitoiii cases), and section eleven of the same Act (which n-lil-cs to fhe apfti'Opriation 
of penalties), and section twelve of the same Act (which relates to ]iroi;eoiiings under 
that Act), shall apply to proceedings nndor this Act, with tlie substitution of references 
to this Act l^>l• references to the Margarine Act, 1887. 

12. —Kxcept in the Admiuistiutive Crmiity of London, section eight of the Margarine Ameridinent 

Act, 1887, shall have olleet as if tlm woiris “insjiexitor of weights and measures” were 
inserted after the woitl “ nuisances.” Act, 1S87. 

13. —(1.) For llio purposes of the Sale of Food an<l Dnigs Acts and ihis A<-.t the Ueftiiltlouof 
expreBsion “margarim ” shall moan any articlo of food, whether luixed with luitter or 

not, whbth tesemhles butter and is not milk-bicndisl butter. 

(2) Tiie above definition shall be substituted for the definition of margarine in the 
Margarine Act, 1887. 

14. —(1.) This Act may be cited as the Butter and Margarine Act, 1907, and shall he Short UUe, 
construed as one with the Sale of Food and Drugs Act, 1899, and may lit* cited with the 

Sale of Food and Dri^js Acts as the Sale of Food and Drugs Aets, 1870 to 1907. mencement. 

(2.) Tliis Act shall come into operation on iho first *lay of .Tanuary one thousand nine 
liundred and eight. 



